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IVISCBBATION OP FROZEN, DEFROSTED, 

DRESSED POULTRY 

0. H. EOOKZ AND L. P. COOLEY 
Svift 4" Company Beoeareh Laboratories, 

CtUoago, JlUMis 

(Beceived for publication, November 13, 1945) 

The principal advantage to be gained in eviscerating poultry is that, 
if correctly handled, poultry can be placed in trade channels free of 
visceral taints. If quality has been impaired by visceral taints before the 
birds were eviscerated, then it becomes obvious that a main objective to 
be realized by employing the method has been defeated. 

Adequate procedures to follow when eviscerating unfrozen dressed 
poultry have been fairly well established. This poultry may be eviscer- 
ated immediately after being defeathered (warm evisceration) or it may 
be effectively chilled and then eviscerated promptly. Even in instances 
where poultry is held near 0®C.(32®F.) evisceration should not be delayed 
longer than several days if quality is to be satisfactorily maintained. 

Adequate methods for handling dressed frozen poultry intended for 
subsequent defrosting and evisceration have not been so clearly defined. 
Stewart, Hanson, and Lowe (1943) froze dressed birds with a brine spray 
within five hours after dressing. After holding this poultry for as long 
as six months in freezer storage, it was defrosted, eviscerated, and com- 
pared organoleptically with birds eviscerated 18 hours after dressing and 
stored for the same length of time. It was found that the frozen, defrosted, 
eviscerated birds so handled were superior in quality to the birds evis- 
cerated 18 hours after dressing. Trelease and Koonz (1945) found that 
poultry which was ice-slush-chilled and placed in a freezer three hours 
after dressing and eviscerated at once upon becoming defrosted compared 
favorably organoleptically with warm eviscerated poultry. 

The purpose of the present investigation was to determine the quality 
of cooked poultry derived from dressed birds placed directly in the freezer 
without being chilled in the conventional manner. When dressed poultry 
is handled in this manner, chilling and freezing become one continuous 
procedure. 

EXPERIMENTAL METHODS 

The birds used in the study were White Plymouth Bocks of heavy 
fryer size. All birds had been similarly fed and otherwise handled from 
day-old chicks. On the day they were dressed, each bird was individually 
fed and was dispatched about six hours later, by which time the crop 
was relatively empty. Poultry was semihard-scalded and the other con- 
ventional dressing procedures were followed. The freezing temperature 
mployed was — ^28.9®C.( — ^20®P.). The frozen dreimd birds were* de- 
frosted rapidly in water before being eviscerated. Prior to cooking, the 
eviscerated birds were held for 24 hours at 19®C.(50®F.) to permit them 
to direst The birds were cooked by roasting at 163®C.(326.4®F.). Thoy 
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we 3 re considered cooked when the interior tissue of the thigh reached a 
temperature of 88^C.(190.4®P.). 

Bight birds were handled according to each of the following methods: • 

(a) Poultry placed in freezer at once after removal of feathers, evis- 
cerated immediately upon becoming defrosted, refrozen, defrosted, 
cooked. 

(b ) Poultry placed in freezer at once after removal of feathers, imme- 
diately upon becoming defrosted placed in a 10® C. cooler for 24 
hours, eviscerated, refrozen, defrosted, cooked. 

(c) Air-chilled 24 hoturs at 2.2®C.(36®P.), frozen, eviscerated at once 
upon becoming defrosted, refrozen, defrosted, cooked. 

(d) Air-chilled 24 hours at 2.2® C., frozen, immediately upon becoming 
defrosted placed in a 10® C. cooler for 24 hours, eviscerated, re- 
frozen, defrosted, cooked. 

The cooked birds were inspected by a committee of three for general 
aroma and flavor of the dark and white meat. Pour birds were inspected 
each time, one bird being identified with each method of handling. A 
total of eight such inspections was made. The identity of the birds was 
not known to the inspectors who were requested to score the aroma of each 
bird as being (5) very desirable, (4) desirable, (3) slightly desirable, 

(2) slightly undesirable, and (1) undesirable. The flavor of the dark 
and white meat was separately scored as being (5) excellent, (4) very good, 

(3) good, (2) fair, and (1) poor. 


TABLE 1 

Average Aroma and Flavor Scores for Cooked Fovitry Handled in 
Accordance With Four Different Methods 



Average aooree 

Method of handling poultry 

Aroma 

Flavor 
of dark 
meat 

1 Flavor 
of whito 
meat 

Placed in freezer at once after removal of feathers, eyiscerated 
immediately upon becoming defrosted, refrozen, defrosted, 
eooked 

4,25 

4.38 

4.26 

Placed in freezer at once after removal of feathers, immedi- 
ately upon becoming defrosted placed in i0®C.(50*P.) coo^r 
for 24 hours, eviscerated, refrozen, defrosted, cooked 

8.79 

3.06 

3.75 

Air-chilled 24 hours at 2.2^0. (36^F.), frozen, eviscerated at 
once upon becoming defrosted, refrozen, defrosted, cooked.... 

3.42 

3^20 

8.88 

Air-chilled 24 hours at 2.2'’C.(36*’P.), frozen, immediately 
upon becoming defrosted placed in 10*'O.(50^F.) cooler for 
24 hours, eviscerated, refro^en, defrosted, cooked 

2.42 

2.46 

3.21 


EXFlSaiHEKTAL BBSULTS 

Arithmetic averages for armna and flavor scores for poQlti 7 haiidled 
in acetodmioe with i^f^h of the four methods (Table 1) indicate t^ the 
quality of the poultiy . placed in the frcexer at once afteir removed of 
featimrs and eviscerated immediately upon becoming d^rosted, was supe- 
rior ito that of poultry handled in accordance with the other methods. 
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Ponltiy pUeed direetly in the freezer after defeathering and which, after 
defrbsting, was held for one day at 10° C. before being eviscerated was 
similar organoleptically to poultry air-chilled 24 hours at 2.2°0. prior to 
freezing and eviscerated at once after being rapidly defrosted. Quality 
was seriously impaired when birds air-chilled for a 24-hour period prior 
to freezing were rapidly defrosted and held for one day at 10°C. before 
being eviscerated. 

The results obtained demonstrate the value of rapidly chilling dressed 
poultry. The temperature of the birds placed directly in the — 28.9° C. 
freezer at once after dressing was lowered from 37.8°C.(100°F.) to about 
— 12.2°C.(10°P.) in 15 hours and a freezing temperature was approached 
within five hours. Consequently, the time required to chill the poultry 
or to lower the temperature from 37.8°C. to about — 1.1°C.(30°P.) was 
about the same as the time required to chill poultry by the ice-slush 
method. 

Although quality was very successfully maintained for “warm frozen” 
poultry, it should be pointed out that entirely different results may be 
anticipated if chilling and freezing are not accomplished under the rather 
ideal conditions of this experiment. To employ this method successfully, 
the freezer should carry a low temperature and should have sufficient 
capacity so that the low temperature will be effectively maintained when 
additional freshly dressed, warm poultry is being introduced. 

The results of the present study demonstrate very clearly the value of 
eviscerating dressed poultry promptly after it has become defrosted. This 
was particularly in evidence for eviscerated poultry derived from dressed 
poultry which had been air-chilled, frozen, and held at 10°C. for 24 hours 
after being rapidly water-defrosted. This poultry was distinctly inferior 
in quality to poultry handled similarly except that it was eviscerated at 
once after becoming defrosted. Also, the quality of this poultry was in- 
ferior to that of poultry rapidly chilled by being placed in the — 28.9°C. 
freezer promptly after dressing and which, after being water-defrosted, 
was placed in the 10° G. cooler for 24 hours. Again the value of prompt 
chilling becomes apparent in that it tends to protect quality in the event 
that the poultry later is subjected to adverse holding conditions. 

SUUMART 

The quality of eviscerated poultry obtained from dressed birds placed 
directly in the freezer without first being chilled in a conventional manner 
proved to be very good. 

The value of eviscerating frozen dressed poultry promptly after defrost- 
ing has been demonstrated. 

dulling poultry rapidly and to a low temperature tends to protect 
quality in the event that birds later are subjected to adverse holding 
conditions 
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INFLUENCE OP MINERAL LEVELS UPON CAROTENE AND 
ASCORBIC ACID CONTENTS OP SWISS CHA|ID 
GROWN IN THE GREENHOUSE 

H. 1). BBOWN, MABY BBOWN PATTON, AMELIE BLYTHE 
Ohio Affrievltural Experiment Station, 

AKD 

M. B. SHETLAB 

Department of Agricultural Chemistry, Ohio State University, 

Columbus, Ohio 

(Beceived for publication, November 14, 1945) 

Emphasis upon production of high-vitamin foods has focused much 
attention upon the effect of environmental conditions, including fertilizers, 
upon the vitamin content of vegetables. The effects of soil-fertilitY levels 
on the vitamin content of vegetables have been well summarized by May- 
nard and Beeson (1943) ; consequently, only a few closely related researches 
will be reviewed here. 

Isgur and Fellers (1937) investigated the effect of different levels of 
nitrogen, phosphorus, and potassium upon the vitamin C content of New 
Zealand spinach and Swiss chard, and found higher ascorbic acid content 
in Swiss chard at the higher nitrogen levels. No constant differences were 
found in New Zealand spinach. 

Ijdo (1936) reported that spinach grown in sand had a slightly lower 
ascorbic acid content when the nutrient solutions were deficient in nitro- 
gen, calcium, and magnesium and that it had a considerably higher con- 
tent when grown on a potassium-deficient solution. Carotene content was 
slightly lower for plants grown in the calcium-deficient solutiop, slightly 
higher for those in the magnesium-deficient solution, much lower in the 
nitrogen-deficient solution, and much higher in the potassium-deficient 
solution. Higher levels of nitrogen produced plants having greater caro- 
tene and ascorbic acid contents ; higher potassium produced higher ascorbic 
acid and lower carotene contents; while phosphorus seemed to have no 
effect. 

On the other hand, YonHahn and Gorbing (1933) reported that the 
use of a well-balanced fertilizer produced ^inach with the highest ascorbic 
add content and that excess nitrogen caused a decrease of ascorbic acid. 
Reder, Ascham, and Eheart (1943) found that nitrogen and potassium 
fertilizer caused significant decreases in the ascorbic acid content of turnip 
greens; while phosphorus and oaldum fertilizers caused no significant 
changes in this respect Wittemore (1934) and Scheunert and Wagner 
(1939) found the use of manganese, phosphorus, nitrogen, and potassium on 
soils low in these elements did not increase the vitamin A potency of several 
leafy Yeffetd)le8. 

Sbuse ihe des%n'<^ most of these experiments did not permit llie use of 
sWtidical andyds an^ since in many cases the condusions were based on 
only a feir determinations, it is perhaps not surprising that mjsny experi- 
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mental results are contradictory to one another. The following experiment 
was conducted with the hope of clarifying some of these contradictions. 

EXPERIMENTAL PROCEDURE 

Seeds of Lucullus Swiss chard were sown directly in greenhouse plots 
(two by four feet) containing cinders, ‘‘Haydite’’ (burnt shale), or gravel. 
The plots held 10 gallons of solution which was pumped up into the plots 
twice daily. Solutions used in deficiency plots were made up with distilled 
water ; while tap water was used for the complete fertilizer plots. Solutions 
for the complete plot contained the following : 


Nutrient , 

Ooncentration 

Source 

Pfllftinnn 

p.p.m. 

200 

Ca(NO.).-4H.O, Ca(H,P04),-H=0, CaCl. 
Ca(NO.).-4H.O 

KCl 

Nitrogen 

150 

Potassium 

150 

Phosphorus 

50 

Ca(H*P04)«-H=0 

MgS04 

Fe804 

Magnesium - 

25 

Iron 

5 

Boron 

1 

H»BO* 

Manganese 

1 

MnS04-4H,0 

Copper 

0.1 

Ou804 * 5HsO 

Zinc 

0.1 

Zn804-7H,0 



For the deficient plots the same compounds were used except that 
compounds containing the element to be made deficient were omitted. For 
the calcium-deficient plots potassium nitrate was used in place of calcium 
nitrate and potassium dihydrogen phosphate in place of calcium hypo- 
phosphate. For plots containing an excess of one nutrient the same chemi- 
cals were used, but double amounts of the element in question were added 
to the nutrient solutions; solutions of the nutrient were checked every 
two weeks and replenished to their original strength. Nitrates were tested 
according to Spurway (1938) and the other elements, according to Morgan 
(1935). The hydrogen-ion concentration was maintained between pH 6 
and pH 7 by using a 10-per cent hydrochloric or sulfuric acid to lower 
the pH and ^ 10-per cent sodium hydroxide solution to raise it. 

The plants were grown during the spring of 1945 in the deficiency 
plots until deficiency symptoms began to appear. In the case of calcium, 
no deficiency symptoms appeared; in the case of manganese and magne- 
sium, only dight or questionable s 3 nmptoms appeared. However, these plots 
were sampled in the same manner as the others. Samples for carotene and 
ascorbic acid determinations were then taken simultaneously while the 
plants were still in a marketable condition (before marked symptoms 
occurred). The samples were always taken between 8 and 9 A. M., and 
entire phmts, with the exception of the growing tip and the next youngest 
leaf, were ta^en for samples. As a rule, only one plant Was taken as a 
sample; however, where much stunting occurred, several entire pl|uits 
were taken and a composite sample was made. These samples were coarsely 
chopped with scissors and mixed as thoroughly as possible and were then 
subsampled for carotene and ascorbic add determinations. Ascorbic acid 
was determined by a modified Morell (1§41) method, using an Bvdyn 
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photoelectric colorimeter. Carotene was determined by a modified Moore 
and Ely (1941) method, using a Coleman Model 11 spectrophotometer. 

BBSULTS 

Average results for carotene contents of the plots are recorded (Table 
1) and average results of the ascorbic acid contents (Table 2). The original 
data were treated to an analysis of variance by the methods of Snedecor 
(1940). F values were obtained by dividing the mean square for the vari- 
ation between plots by the mean square for the variation within plots. By 
this test the variance among plots was found to be highly significant for 
both carotene and ascorbic acid. Results from each individual plot were 
then compared with the complete plot by the same method. F values ob- 
tained from this comparison (Tables 1 and 2) make it apparent that chard 
grown on the nitrogen-, iron-, and magnesium-deficient plots was signifi- 
cantly lower in carotene when compared with that from the complete plot. 
Plants from the calcium-, magnesium-, potassium-, and phosphorus-deficient 
plots did not vary significantly from those of the complete plot with respect 
to carotene. With the exception of the double-nitrogen plots, insufficient 
data regarding carotene were obtained for statistical treatment of the 
excess-nutrient plots; the former is obviously not significantly different 
from that of the complete plots. 

The ascorbic acid contents of chard grown in the nitrogen-, magnesium-, 
potassium-, and manganese-deficient plots were significantly greater than 
that obtained from the complete plot. Plants grown on the iron-, calcium, 
and phosphorus-deficient plots were not significantly different from those 
of the complete plots. The plants receiving double amounts of nitrogen, 
phosphorus, and potassium were found to be significantly lower in ascorbic 
acid; while plants receiving double amounts of iron, magnesium, and cal- 
cium did not vary significantly in ascorbic acid when compared with those 
receiving complete fertilizer. 


TABLE 1 

Carotene Content of Swiss Chard Grown in Mineral-Deficient Solutions and in 
Presence of Excess Minerals 


Plot 

Number 

of 

duplicate 

lamplei 

Arerafe 

carotene 

content 

(fresbbaaie) 

F value 

flnmnlAtA 


mg./ too gm. 
4.18 

2.41 

2.43 

3.90 

3.56 

4.01 

4.96 

4.99 . 
4.98 V 
5.36 ; 
SM 

Ml 




11.84* 

18.09* 

5,68* 

1.50 

1.80 

8.17 

8.48 
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TABLE 2 


A$doT^io AMd of 8wi$$ Chard Grown in MinerahDefieient Solutions and in 

Presence of Maseess Minerals 


Plot 

Number 

oi 

duplicate 

■amplM 

Ascorbic 
acid 
content 
(fresh basis) 



22 

7 

me./ 100 pm. 

24.6 

31.7 

24.4 

34.9 

29.1 

31.0 

37.5 
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'.S 

i| 

II 

8 



7 

29.3 

16.2 

Donbla-nitrogan 

5 

Doubledron 

3 

19.6 

Donble-maga^iatn 

3 

23.9 

Double>calciiiiii 

3 

23.1 



4 

18.0 

Boiible-DhofiDhoruB 

3 1 

11.2 


P value 


7 . 72 ' 


13.19' 

2.62 

5.76* 

19.33' 

3.46 

8.95' 

2.16 


5.13* 

15.71' 


* Highly eigniftcant; F value exceeds one-per cent level, 
cent level. 


* Significant ; F value exceeds five-per 


DISCUSSION 

The data obtained indicate that the carotene content of chard may be 
decreased by nitrogen, iron, and magnesium deficiencies. The data ob- 
tained concerning the effect of excessive amounts of minerals upon carotene 
content were insufficient to draw any definite conclusions; however, these 
data suggest that carotene may be increased by excessive amounts of 
minerals. 

The ascorbic acid content of chard is increased by low levels of nitro- 
gen, magnesium, manganese, and potassium. Conversely, large amounts 
of nitrogen, potassium, and phosphorus decreased the ascorbic acid content. 
No yield records were taken in the greenhouse. It was noted, however, that 
plants were greatly stunted on the nitrogen- and potassium-deficient plots 
and somewhat stunted on the magnesium- and manganese-deficient plots. 
Little or no stunting was noted in the other plots. For an indication of 
possible yields, Table 3 is included; in this table the yields for chard 


TABLE 8 

Yields of Swiss Chard (Pounds per 70-Foot Row) Grown in Field With 
IHfferent Levels of Fertility 


Plot 

Variety 

Total 

LuouUus 

i 

Large Green 
White Ribbed 

Cheek (no fertiliser for 16 years) 

281 

194 

475 

MO-12 (1,000 pounds per acre) 

311 

268 

579 

0-20-12 (1,000 pounds per acre) 

160 

100 

260 

B- 0-12 (1,000 pounds per acre) 

278 

221 

49if 

8-20- 0 (1,000 pounds per acre) 

235 

232 

467 

16-20-10 (1,000 pounds par acre).. 

493 

367 

860 

8-40-12 (1,000 pounds per acre).. 

299 

295 

594 

8-20-24 (1,006 pounds per acre) *..*•*•' 

523 

807 

830 
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grown on the Ohio Agricultural Experiment Station plots in 1945 are 
recorded. It is noteworthy that the yields from the plots receiving no 
additional nitrogen are decidedly lower for both varieties than tiiose 
obtained from the plot receiving a complete fertilizer. The difference 
between the plot receiving no phosphorus and the plot receiving a complete 
fertilizer is less marked. 

An excess of nitrogen and potassium greatly increased the yields, 
though an excess of phosphorus had little effect upon the yield. Prom all 
of these data one might conclude that the increases in ascorbic acid con- 
tent tmder different fertilizer treatment may be due to decreased yield 
and size of plants, and conversely, an increased yield and size of plant 
may result in a lower ascorbic acid content per unit of fresh matter. This 
would also indicate that synthesis of ascorbic acid by the plant is little 
impaired by mineral deficiencies. 

Failure to obtain significant differences between the plants grown in 
calcium-deficient and complete plots cannot be interpreted as indicating 
that calci u m deficiency has no effect upon carotene or ascorbic acid con- 
tent, since plants in the calcium-deficient plot failed to develop any evi- 
dence of calcium deficiency during the course of the experiment. This is 
also true to a lesser extent for the carotene value obtained from plants 
grown in the manganese plot where only doubtful B3^ptoms were noted. 
The data on carotene appear to support the concept that minerals which 
affect the formation of chlorophyll also affect the formation of carotene 
present and, consequently, that deficiency which causes a decrease in chloro- 
phyll causes a decrease in carotene. On the other hand, no such relationship 
appears to exist for ascorbic acid. 

8TTHMABT AND CONCLUSIONS 

The influence of nitrogen, calcium, potassium, phosphorusi, magnesium, 
iron, and manganese deficiencies upon the ascorbic acid and carotene 
contents of LucuUus Swiss chard was investigated. Significantly lower 
carotene values were obtained from plants receiving insufficient nitrogen, 
magnesium, and iron. Significantly higher ascorbic acid values were ob- 
tained from plants deficient in nitrogen, magnesium, manganese, and 
potassium. Ascorbic acid contents obtained from plants grown in plots 
to which double the amount considered adequate of the element in ques- 
tion was added, were significantly lower in the case of the double-nitrogen, 
double-potassium, and double-phosphorus plots. 

Under the conditions of this experiment calcium, manganese, potassium, 
and phosphorus had no significant effect upon the carotene content of chard, 
while iron and calcium did not significantly affect the ascorbic acid content 
of the plants. 
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One of the most marketable of the commercially frozen vegetables is 
dielled peas. When proper care is taken in handling, bo^ before and after 
processing, a good commodity results. Frequently, however, the peas are 
overmature and have tough skins and mealy, starchy cotyledons, or they 
may be immature and lacking in desirable texture and flavor. Toughness 
and other characteristics of texture are related to the histological composi- 
tion of the skin tissues, and certain off-flavors that frequently develop are 
related to the histological immaturity of the tissues and their contents. 

Many variables may enter into the determination of the textural char- 
acteristics of plant tissues. The most consistent of these probably are the 
structural and compositional changes of the cell walls and eell contents 
during growth and maturation, and they may be characterized as inherent 
physical and chemical factors. In addition there are factors that influence 
the rates of growth and development of tissues and those that may alter the 
composition of the tissue, such as the toughening of pea skins during delay 
after harvest. Pretreatments and processing methods also cause many 
changes in the original condition of the tissues in fresh peas. These various 
factors seem best described as environmental. 

In some instances it might be difficult to distinguish an environmental 
factor from an inherent factor. The tendency for pea ddns to toughen after 
harvest may parallel at least a part of the processes that take place in the 
“ripening” and hardening of the skin tissues during natural maturatkm, 
as indicated by investigations made by Bennett (-1940) and Boston (1935), 
on the compositional changes in the tissues of o^er plants during growth. 

Although many botanists have described the ftnatomy and development 
of seed coats and embryos in various species of the Leguminosae, no infor- 
mation has been published on the relationship of cell-wall development to 
sieve size and texture characteristics of maturity in peas intended for 
commercial processizig. For numy years knowledge of the chemical compo- 
sition of plant cell walls has been very limited. Only xeooitly has any 
appreciable understanding of the relationshii^ various eell-waU com- 
ponents to the basic cellulosic matrix developed, Bailey (1940). Lack of 
8nitei)le techniques and methods to characterize these structures has per- 
petuated « wide gap between histological information rad the remits of 
chamidd analyses. j^Virly recent adaptations of qualitative dtemical meth- 
ods to hiMnlogieal' techniques have provided information vridch correlates 
with and 0 ^ be verified by knowledge of the crystallite orietttation of esl- 
lulose as revealed by polarized light and x-ray studies by Bailey (1940), 
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Bail^ azid Betties (1942), Bail^ and Eerr (1935), Berkley (1939), Kerr 
and BaOey (1934), Beeve (1946A), and others, as well as by i^emioal 
analyses made by Bmmett <1940), Boston (1935), Norman (1937), Ott 
and Ball (1948), and others. 

The use of recently developed histol<^cal methods in understanding 
textural changes inherent to the developmental anatomy of the seed coats 
of peas is discussed in the following paragraphs. First, however, eonsid- 
eration is given to the structural aspects of histological changes during 
development or maturation. 

ANATOMICAL STBUCTUBB 

Nearly all of the seed coat, or integument, of the pea and the lima bean 
seed is organised into characteristic tissue layers (Figs. 1-3). The outer- 
most layer, or epidermis, is composed of highly specialized cells known as 
macrosclereids (Figs. 4-6). This layer is covert with an outer cutide 
and, at maturity, the cells possess very characteristic wall thickenings which 
form an internal fluted structure in the upper portions of each cell (Fig. 4). 
Underlying this layer is another single-layered, specialized tissue composed 
of osteosclereids. These are characteristically hourglass-shaped and also 
have secondary wall thickenings at maturity (Figs. 4-6). It is obvious, 
however, that this second layer does not form a compact, solid tissue as do 
the cells of the epidermis. 

Loosely arranged parenchyma cells comprise the bulk of the remaining 
tissues in the skins of shelled peas, but the specialized histological structure 
of the seed coat in the common garden varieties of beans and peas exists 
in the two outermost layers (M and O in Figs. 1-6). Other specialized 
tissue zones exist where these two layers are modifled in the regions of the 
hilum and the strophiole (a zone near the hUum or attachment scar) of 
the seed. These zones occupy a proportionally small extent of the total 
skin tissue, and the modiflcations of the two layers is only of structural 
nature. Both the macrosclereids and osteosclereids in these zones have 
walls of essentially the same composition as found in their distribution 
over the rest of the skin. 

No attempt will be made to present a detailed description of the growth 
and developmental changes of these tissues. The following paragraphs 
constitute an histological evaluation of the inherent structural causes of 
texture, with particular attention to certain problems encountered in 
commercial food processing. Oomprdiensive histological investigations are 
reported elsewhere by Beeve (1946 A and B). Further details on these re- 
gions in relation to water absorption or retention and seed germination may 
be found in other published research by Pammel (1899), Hayward (1938), 
Martin and Watt (1944), Ott and Ball (1943), and Zimmerman (1936). 

Obviously, tissue in which such specialized wall development occurs, and 
parthsttlarly a einnpact and continuous layer such as these macrosclereidea, 
wiB have a direct structural relationship to texture. Further, as the thick- 
enings devdop and assuine their eharaoteristie chemical compoution durihg 
maturation, there will be a corresponding relationship to relative maturi^ 
of the peas, as indicated by increased slave sizes and mechanical measure* 
moita ^ debt texture. 
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With any given variety from a given locality, histological characteristics 
at different stages of development during a single growing season conform 
to the rates of maturation reflected by different harvest periods. With sieve 
size as a general index of development, it is evident that the thickenings 
become more pronounced during growth (Figs. 7-18). 

It is obvious that some peas passing through the sieve will be either 
younger or older in tissue development than the average for that size. 
Within a single size the observable degree of cell-wall development was 
found to be more or less pronounced. Also, the observable degree of 
cell-wall development was found to be sufficiently variable that the histo- 
logically more mature peas of one size frequently showed a more pro- 
nounced cell-wall development than the younger peas of the next larger 
size. These variables are reflected in mechanical measurements of skin 
texture; for example, Boggs, Campbell, and Schwartze (1942) show con- 
siderable range in ])enetralion values obtained for the skins of three 
varieties of peas within each sieve size, and also show an overlapping of 
values between succeeding sizes (their Tables 1 and 2). 

Over the entire range of development it can be seen that the wall thick- 
enings of the macrosclereides become very pronounced (Figs. 7-18). Tn 
the fully mature and ripened seed, with a hardened and resistant integu- 
ment, the characteristic thickenings of these cells are increased to such an 
extent that, except for the basal ends (Figs. 15-18), the cell cavities are 
nearlj^ filled. In contrast, at very early stages of growth the thickenings 
are not evident or have already begun to form as tiny strands of corruga- 
tions along the original thin walls. Before harvest size is reached by the 
ovules or seeds in the pod, this epidermal layer begins as a compact 
embryonic tissue of cubical cells which undergo considerable elongation 
prior to pronounced wall thickening. Botanically, the formation and devel- 
opmental changes of this macrosclcreid tissue form an excellent example 
of tissue specialization involving cell-wall structure. 

Quite naturally, variation exists between different varieties with respect 
to sieve size and histological maturation. Characteristically small-seeded 
varieties (such as the Alaska and Early Sweet) show a more pronounced 
development of macrosclereids at sieve sizes No. 3 and 4 than do medium 
and larger seeded varieties (such as Thomas Laxton and Teton). Any 
attempts to give these varietal differences statistical significance by meas- 


PiGS. 1-6. Photomicrographs of sections cut radially through the seed coats of peas 
and lima beans (longitudinal to macrosclereids). Fig. 1 — Young Alaska variety pea 
(about sieve size No. 2), X 240. Fig. 2 — ^Young Fordhook lima bean, X 140. Fig. 3 — 
Older Fordhook lima bean, X 140, showing a portion of a cotyledon. Note that total 
skin thickness decreases with maturity. Fig. 4 — Macrosclercid and osteosclereid layers 
of mature Laxton ^s Progress variety pea (about sieve size No. 7), X 550. Fig. 5 — 
Macrosclereids and osteosclereids of young Canner King variety pea (about sieve size 
No. 3), X 550. Fig. 6 — Macrosclereids and osteosclereids of older Canner King variety 
pea (about sieve size No. 5), X 550. Note how total thickness of these two layers 
decreases with maturity. • 

E.O. = epidermis of the cotyledon; FVB = fibrovascular bundle; f = fluted wall 
thickenings; 1.1. = ‘Hight line*^; M == macrosclereids; m.l. — middle lamellae; O — 
osteosclereids; p == protoplasmic content of cell cavity; pa = parenchyma tissues; 
S == starch grains (chloroplasts also present in parenchyma not distinguishable here) ; 
W = cell wall. The numbered lines in Fig. 5 refer to the approximate levels of trans- 
verse sections shown in Figs. 7-10. 
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urement of the cell-wall thickenings, however, would be futile because the 
thickenings are twisted or slightly spiraled along the inside of the cells 
and, further, lack uniformity of width. Thus, there is no constant which 
permits statistical evaluation of their visible structural development in 
either longitudinal or transverse sections of these cells. The variation 
within a given sieve size alone is sufficient to discount the value of such 
measurements. The more general varietal characteristics of growth habit, 
average seed size, and colors are well described and illustrated for different 
principal types by Hedrick (1928) and by Shoemaker and Delwiche (1934). 

Another natural and very common variable encountered in these studies, 
and found correlated yrith cell-wall thickening, was an increased rate of 
maturation in skin tissues toward the end of the harvest season. This 
characteristic was not limited to larger sieve sizes ; it was found in peas as 
small as Sizes 3 and 4, in which the thickened walls of the macrosclereids 
were as pronounced as in Sizes 5 and 6. This relationship is a result of 
changing growth conditions in the field. Also, peas in a single pod are not 
all the same size, although some varieties are more uniform than others. 
However, in a given pod the normal, well-formed seeds more nearly repre- 
sent the same age and development, in spite of difference in size, than 
do the seeds of many pods graded into any given sieve size. Thus the 
extent of tissue development and specialization is fundamentally related 
to texture changes during maturation of the seed. 

Relationships between size, maturity, and texture have been investigated 
by analytical as well as physical methods of measurement. Sayre, Willa- 
man, and Kertesz (1931) show close correlations of growth and size with 
crushing tests on whole peas. As growth proceeds, the percentages of 
‘‘mature*’ sizes increase and the crushing values increase somewhat for 
each size. Boggs, Campbell, and Schwartze (1942), using the penetrometer 
for texture measurements on the seed coats separated from the cotyledons 
(as well as crushing values on whole peas), show the same relationships. 
Penetration values for the skins alone are, of course, of more significance 
to the histological maturation of the tissues than the crushing values, 
although both reflect the influence of structural development. It is interest- 
ing to note (Table 2 of Boggs, Campbell, and Schwartze) that on any two 
successive harvest dates the penetrometer values obtained for a given sieve 
size at the second harvest was consistently nearly equal to, or slightly 
higher than, the values for the next largest sieve size of the first harvest. 


Fios. 7>18. Photomicrographs of transverse sections through the macrosclereids of 
seed coats in three different stages of development. Fig. 7 is at a level that includes 
the top surface. Figs. 11 and 15 are approximately at level No. 1 in Fig. 5. Figs. 8, 12, 
and 16 are at level No. 2 in Fig, 5. Figs. 9, 13, and 17 are at level No. 3 in Fig. 5 ; and 
Figs. 10, 14, and 18 are at level No. 4 in Fig. 5. 

Figs* 7-10-— A younger stage of development at sieve size No. 2 in the Mardelah 
variety, X 1,200. Figs. 11-14 — ^An older stage of development at sieve size No. or 
representative of sieve size No. 3, X 1,200. Figs. 15-18 — Extent of secondary wall thick- 
ening found at sieve size No. 5, X 1,200. 

0 cell cavity (dark in some, light in others, depending upon stained contents) ; 
1II.L « middle lamellae (not in focus in some of the figures) ; p ^ shrunken protoplasmic 
contents; w secondary wall development (note pinrticularly the increased development 
of the thickenings). 
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This observation agrees with the variations in histological maturity that 
have just been discussed. 

It is natural, although other structures are involved, that a relationship 
between skin structure (cell- wall development) and texturfe of whole peas 
should exist as indicated by a comparison of crushing values, reported in 
the two papers mentioned, with developments in the walls of the macro- 
sclereides. Carbohydrates are the most important components involved in 
the formation of plant-cell walls. Thus increased starch content in the 
cotyledons may parallel the development of secondary wall thickenings in 
the macrosclereids of the seed coat during growth, because in each case 
the elaboration of structures (starch grains and cell walls), which are 
basically carbohydrate, is involved. Neilsen (1943f) has proposed starch 
determination as an index of maturity in starchy vegetables, 

CARBOHYDRATES IN WALLS OP MACROSCLBREIDES 

The presence of '‘hemicellulosic’’ pentosans in the fruit pods and seed 
skins of many species of plants as well as those of the Leguminosae has been 
recognized for a number of years. Stark and Mahoney (1942) have charac- 
terized the so-called ^‘parchment” layer of the pods of snap beans as con- 
taining a ‘‘hemicellulose’’ of the xylan-araban type. Buston (1935) has 
reported pentosan and hexosan values for many plant tissues, including 
bean pods. In analytical studies on the seed skins of the common garden 
bean, Ott and Ball (1943) have found an average polyuronide content of 
19 per cent and a ‘‘true pentosan'’ content of 21 per cent on a dry-weight 
basis. Investigations reviewed by Norman (1937) present similar results 
which are in general agreement as to tissue composition. 

When the present studies were undertaken it soon became obvious that 
the interpretations of previous histological investigations were not in 
agreement with published analytical data on cell-wall composition. The 
shortcomings of the histochemical tests commonly used have been discussed 
in detail elsewhere with histological evaluation of the wall structure of 
maturing macrosclereids in pea skins. Reeve (1946A). It was found that 
several characteristic pentose tests could be adapted readily to histological 
methods, particularly the phloroglucinol-hydrochloric acid test, used by 
Stark and Mahoney (1942), Bial's orcinol test, and the xylonic acid test 
for xylose [Bertrand's reaction; see Morrow and Sandstrom (1935) for 
details]. The results of these tests, in revealing the pentosan nature of the 
walls of the macrosclereids and differentiating between the pectic com- 
ponents of the middle lamellae and “encrusting" substances of a more 
“hemicellulosic" character, are in general agreement with published ana- 
lytical data and with modern interpretations of cell-wall structure as 
discussed by Norman (1937), Bailey (1940), Bailey and Berkley (1942), 
and others. 

The following points are of significance in the present discussion : 

1. The walls of the maturing macrosclereids contain pentosans that 
naturally increase as the structural thickness increases. These are of the 
xylan-araban type, common to the seed skins of many species of plants. 
The so-called “light line" (Figs. 4 and 6) is not a structural entity and 
is significant only as a refraction property of these walls. 
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2. The high resistance of the thickened walls to common extracting 
agents for hemicelluloses indicates a “cellulosan^^ type of wall structure, 
Norman (1937). Dried, ground, pea-skin tissues extracted for several hours 
with four per cent hot sulfuric acid or with four per cent potassium 
hydroxide, according to various methods, showed but little evidence of 
macrosclereid tissue maceration (cell separation) in the fragments of the 
residue; and the thickened walls of the macrosclereids still gave positive 
reactions to the pentosan tests when viewed microscopically. 

3. In addition, the middle lamellae, which are largely pectic in the 
younger stages of macrosclereid development, gave good indication that 

encrusting” substances of pentosan or “hemicellulosic” nature are formed 
during the maturation of this tissue in peas. 

This last point has been studied in greater detail with particular em- 
phasis on the practical aspects of possible tenderization treatments for the 
seed coats of peas intended for commercial freezing. Sodium hexameta- 
phosphate, sulfites of both potassium and sodium, oxalic acid, ammonium 
oxalate, and hydrochloric acid were used in gradations of 0.1 per cent 
aqueous dilutions of 1 :100 to 1 :1,000. These were applied for two, five, 
and ten minutes to sections and to dried, ground samples of pea skins. 
Three methods of application were used as follows: (1) cold solutions, 
(2) hot solutions, and (3) alternate hot and cold solutions. The prepara- 
tions were then flushed with distilled water, partially dried on microscope 
slides, and tested histochemically with the previously described pentosan 
indicators as well as with stains that differentiate the pectic middle lamellae 
from the cell walls. Histologically prepared sections of the skin tissues were 
found to give the same results as were obtained with fresh or previously 
untreated sections. 

No appreciable effect could be observed in the middle lamellae of well- 
developed macrosclereids. The thickenings themselves were not affected 
and gave positive pentosan tests, which seemed to be enhanced, possibly 
by the removal of traces of soluble forms of sugar that might reduce the 
sensitivity of these tests, BiaDs in particular. It was evident that some of 
the pectic materials of the middle lamellae were removed by the stronger 
of these treatments, but at this stage of development other “encrusting” 
substances are present in the middle lamellae and they showed no visible 
effects when comparisons were made with untreated samples. 

In the younger stages (sieve sizes No. 1 and 2) very little “encrusting” 
material was present and the pectic middle lamellae could be seen to be 
definitely weakened by the stronger treatments with these reagents. With 
alternate treatments of ammonium oxalate and hydrochloric acid or other 
combinations of reagents and flushing with water between applications, 
cf. Kerr and Bailey (1934), maceration or cell-separation of the macro- 
sclereids could be accomplished while most of the pectic material was 
removed. This was not easily accomplished, however, in sieve sizes rep- 
resentative of moderately aged and mature peas. It seems very likely, 
therefore, that the tenderization effects described by Nielsen (1943) involve 
only changes that reduce the toughening effects of calcium and magnesium 
on the seed skins. Any chemical treatment capable of altering the pentosan 
complex of the cell walls and middle lamellae of older peas very likely 
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would be unsuitable for commercial processing methods where retention of 
qualities other than texture is necessary. 

INFLUENCE OP NUTRITION ON SKIN TEXTURE 

Sayre, Willaman, and Kertesz (1931) showed that increases in calcium 
chloride content of soil resulted in increased toughness of skins in field- 
grown peas, but application of fertilizers with other calcium salts had no 
pronounced effect upon skin texture. They also performed water-culture 
experiments with solutions of adjusted calcium and potassium concentra- 
tions. In these there was a correlation between high-calcium nutrition and 
thick, tough skins. Peas with a low-calcium nutrition had thinner skins 
and were not as tough as those from plants of high-calcium culture. In- 
creased thickness of skins also was found to be correlated with high-potas- 
sium nutrition, but the skins were not so tough as those from plants with 
low-potassium nutrition and with thin skins. 

Histological aspects of these nutritional effects upon texture were in- 
vestigated in the present studies with six varieties of peas.^ Nutrient 
solutions of adjusted calcium and potassium contents were prepared by 
adding to one liter of distilled water stock solutions ot 1 N strength in the 
amounts listed (Table 1). 


TABLE 1 

Composition of Nutrient Solutions 


Solution 

Control 

Higrh Ca, 
low K 

Low Oa 
MffhK 


ml. 

ml. 

ml. 

CaNO. 

5 

9 

1 

KNO. 

5 

1 

9 

MrS04 

2 

2 

2 

KH 3 SO 4 

1 

1 

1 


One ml. of one-per cent iron tartrate was added to each liter of the 
prepared nutrient solutions, and the same amount was added weekly with 
the change to new solution during growth of the plants. In addition, one 
ml. of the so-called to Z’’ solution, Meyer and Anderson (1939), was 
supplied to each liter of prepared nutrient solution to insure availability 
of trace elements. Fifteen to 20 plants of each variety were grown in each 
of +hf solutions, averaging three per gallon jar, and each jar was 

pnr vvith a mechanical aerator adjusted so that a slow, fine bubbling 

01 ^ air was continuous through the solution. The gallon jars were covered 
with heavy paper or painted black, to protect the roots from light and to 
retard growth of algal forms. Growth to harvest was good in nearly all 
cases. During growth the pH of the solutions remained between 4.5 and 
5.0, dropping to that more or less constant level from an original 6.7 to 6.9 
within a few hours each time the plants were transferred to new solution. 
Otherwise the nutritional conditions remained fairly constant. 

In the sampling of peas for penetrometer and histological studies, blos- 
soms were tagged so that at harvest all pods of approximately the same 


'Appreciation is expressed for facilities made available by the Department of Botany^ 
University of balifomia, Berkeley, California. 
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age could be segregated. However, because different varieties mature at 
different rates, this segregation does not indicate uniformity between vari- 
eties. Pods with fewer than four ovules and abnormal pods were discarded. 
The peas were hand shelled and treated as follows for penetration tests: 
(1) cooked in flowing steam in an autoclave for 12 minutes, (2) cooled to 
room temperature and cut in half through the hilum and along the strophi- 
ole in order to obtain uniform halves of skins, and (3) tested (skins only) 
on the Boggs penetrometer, Candee and Boggs (1941). This instrument 
operates automatically and measures in kilogram fractions the weight 
required for a blunt needle to penetrate the sample. At the point of 
penetration electrical contact stops the operating lever so that consistent 
readings can be taken. Thirty or more readings were taken with each 
lot of duplicated samples, three thicknesses of skins being used for each 
penetration measurement ; the relationship of penetration values to mineral 
nutrition is summarized (Table 2). 


TABLE 2 

Results of Penetrometer Tests 


Variety 

Control 

High Ca, low K 

High K, low Oa 

Mean^ 

SD* 

SE» 

Mean* 

SD 

SE 

Mean* 

SD 

SE 

Tall Alderman 

.27 




.235 

.054 

.25 

.032 

.01 

Pride 

.34 




.071 

.018 

.32 

.046 

.01 

Laxton Progrrees.... 

.68 

.15 



.131 

.008 

.44 

.086 

.021 

Giant Stride 


.176 



.34 

.098 




l>warf Telephone 

.24 

.049 



.049 

.01 




Hiiiidrfidfold 

.76 

.09 

.02 


.124 

.03 




Tall Alderman 






(gfarden grown) 

.416 

.174 

.030 








^ Mean is expressed in Kgr/10. ’ SD = standard deviation. ^.S£ = standard error. 


Differences in penetrometer values between varieties listed (Table 2) 
do not indicate varietal differences in texture, because no attempt was made 
with the small amount of material available to harvest samples at com- 
parable stages of maturity for varietal comparisons. The rates of tissue 
maturation in these varieties differ suflSciently to make it extremely diffi- 
cult, if not actually impossible, to obtain corresponding stages of structural 
development with any degree of certainty. 

The solutions used by Sayre, Willaman, and Kertesz (1931) were of 
different composition from those used here. In their studies thick skins 
were produced by both high-calcium and high-potassium nutrition, and 
thin skins by both low-calcium and low-potassium nutrition. Thus it is 
not clear whether their texture values show relationship to thickness, to 
cell-wall composition, or to both thickness and composition. In the present 
studies, the adjustment of calcium and potassium was made so that the 
same total of these two minerals was available in all three nutrient j^olu- 
tions. When sections cut from comparable areas of the skins were measured 
microscopically, no appreciable differences in total skin thickness or in 
wall thickness could be observed. Thus the differences in texture obtained 
in any individual variety and between samples representing the three 
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conditions of mineral nutrition used in these studies may be directly cor- 
related with the influence of nutrition upon the materials of the cell walls 
and middle lamellae. 

Mineral nutrition, as it affects texture, is essentially an environmental 
factor, but the ability to respond lies within the tissue and involves the 
materials of tissue structure. Texture change is, then, an inherent histo- 
logical factor because physiological processes in the formation of the 
structural materials in cell walls and middle lamellae are involved. Possibly 
the physical surface behavior of calcium and potassium salts of pectic acids, 
or some similar relationship of these elements to pectic constituents, would 
provide a chemical explanation for the effects of mineral nutrition on 
texture. This explanation would seem logical if Alienas (1901) hypothesis, 
that the ‘‘mature’^ middle lamellae of plant walls are predominantly cal- 
cium pectate, is actual fact. Because many other substances (lignin, ‘‘hemi- 
celluloses, ’ ^ and other pectic or polyuronide materials) are characteristic of 
middle lamellae in plant tissue, and because different sorts of tissue show 
considerable variation in composition, Kerr and Bailey (1934) prefer to 
regard the region of the middle lamellae (which are not structural entities 
as are cell walls) as thin layers of ‘‘intercellular substance.’’ 

Qualitative histochemical tests for calcium and potassium did not show 
any significant differences between the skins of peas harvested from plants 
representing each of the three nutritional conditions which have been 
described. Several tests, Cowdry (1943), were attempted, but enough of 
these elements was present in all samples so that no differences could be 
detected. Further chemical analyses for calcium and potassium in the 
skin tissues were not attempted because the methods do not permit direct 
microscopic correlation with structures and materials observable under 
the microscope. Sayre, Willaman, and Kertesz (1931) list reliable analyti- 
cal data on the accumulation of these elements in pea skins, but there is no 
microscopic evidence that the differences are associated with substances of 
the middle lamellae. This phase of texture problems in the seed coats of 
beans and peas remains largely hypothetical. 

Fundamentally, the characteristics of texture in plant tissues may be 
divided into two categories; (1) those of living, functioning cells and (2) 
those of the nonliving, structural components. The substances of the cell 
walls belong in this second group. Ample demonstrations of the significance 
of cell-wall components to strength and texture of tissues may be found in 
textile research made by Berkley (1939) and in studies on wood cells by 
Bailey and Berkley (1942), Bailey (1940), Bailey and Kerr (1935), and 
Norman (1937). Differences in the crystallite orientation of cellulose, 
amounts of such materials as lignin and “hemicelluloses” or pentosans 
present, and lengths or patterns of molecular chains effect differences in 
texture and strength in the different kinds of plant tissues and their cell 
walls. Thus the anatomical structure and development of pea skins, as 
discussed here, not only involve the growth of wall thickenings during 
maturation, as previously discussed, but also include quite distinctive sub- 
microscopic characteristics of these specialized walls. These characteristics 
of submicroscopic structure and chemical composition may be considered 
the fundamental basis of texture and cause of texture change in pea skins. 
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DISCUSSION 

An attempt has been made to present a more or less natural classi- 
fication of the causes of texture and texture change in the seed skins of 
peas. Thus the distinction between ‘‘inherent/’ histological factors and 
“environmental” factors has been made. In general, the same sort of 
classification can be applied to any of the vegetables used in commercial 
food processing. The factors of environment include growing conditions, 
harvest, vining, handling, and even processing treatments. Published 
research on texture and related qualities has been confined almost exclu- 
sively to investigations concerned with the factors of this second category. 
These variables, more obvious to the food processor, are naturally of more 
immediate concern to those engaged in food research. 

Histological evaluation of the various tissues, their specializations, and 
the composition of cell-wall developments has been lacking in food research 
because plant histologists in general have not taken advantage of an oppor- 
tunity to broaden the horizons of their fields. Such information should be 
valuable not only to those more immediately concerned with the problems 
of processing methods but also to those engaged in genetical development 
and selection of varieties of more desirable quality characteristics. Thus 
such information would contribute to the solution of some of the problems 
encountered in commercial food processing. 

It is obvious that the various histological factors causing texture change 
during maturation of the tissues are not equally important. An arbitrary 
classification of these can be made for the seed coats of peas, based upon 
sources of information discussed in this paper, by merely listing the factors 
in order of decreasing significance as follows: (1) degree of development 
and chemical composition of the secondary walls of the macrosclereids or 
epidermal cells, (2) changes in composition of the middle lamellae during 
growth and maturation of the tis.sues, (3) degree of development, etc., of 
the osteosclereids and their middle lamellae, and (4) the more simplified 
wall structure of the parenchyma tissue and its middle lamelle, and the 
outer cuticular layer of the skin. 

Sayre, Willaman, and Kertesz (1931) cite Lee and Priestley (1924), 
who advance the theory that soluble potassium “soaps,” formed with the 
fatty acids along the protoplasmic membranes within the cells, migrate to 
the surface of the skin and thus contribute to formation of the cuticle. In 
contrast, insoluble ‘ ‘ soaps, ’ ’ not migrating, tend to withhold the fatty sub- 
stances in the tissues and along the inner surfaces of the cell walls. Sayre, 
Willaman, and Kertesz suggest that this latter condition may cause tough- 
ening of the tissues. Priestley (1943) has published a more extensive 
review, including recent research on the plant cuticle and its development. 
In the meantime, several investigators have suggested that the mechanism 
of cuticle formation just described may be used to explain some of the 
texture changes in the seed coats of beans and peas. Possibly such theo^jeti- 
cal considerations may apply to the processes involved in seed germination. 

In the writer’s opinion, it is misleading to attempt an explanation for 
changes in skin texture encountered in commercial food processing of peas 
on the basis of theories concerned with cuticle formation. The cuticle is an 
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inherent factor of texture, but the development of the thickened secondary 
walls of the macrosclereids and their chemical composition obviously have 
more influence on texture, because the cuticle is only a very thin, waxy 
layer. 

Various suggestions have been published about the calcium and mag- 
nesium contents of skins during delay after harvest. No really complete 
analysis has been supplied for comparing changes in tissue composition with 
data on mineral content during delay or other environmental conditions 
to which harvested peas may be subjected. Nevertheless, it frequently has 
been inferred or even accepted that migration of mineral salts from the 
cotyledons to the skins occurs after harvesting and shelling as a natural 
process and causes skin toughening. 

In the writer ^s opinion, based upon histological considerations, such 
changes in mineral composition may be of an apparent nature rather than 
actual. The skins of pea and bean seeds arise as separate structures^, inde- 
pendent of the cotyledons, and there is no physical attachment connecting 
the embryo with the skin or seed coat in harvested peas. The embryo and 
its cotyledons grow by utilizing nutrient tissues which are developed in the 
ovule following fertilization. Migration of mineral solutions and other 
soluble substances from cotyledons to skin must necessarily be confined, 
in shelled peas, to the medium of juices freed as the result of mechanical 
bruising. When peas are vined and podded mechanically, such bruising 
may be severe. It is possible that these juices affect skin texture under 
these conditions. 

The effects of cellular processes which take place in the tissues after 
harvest and during delay may closely parallel the conditions or processes 
of natural cell -wall elaboration. The results of Bennett ^s (1940) and 
Buston’s (1935) studies on cell- wall components in forage plants show that 
cell-wall changes in chemical composition take place during growth and 
maturation processes and also in slow drying or curing processes. 

SUMMARY 

The major cause of texture change in the seed coats of peas and other 
legumes during maturation is the formation of a highly specialized, epi- 
dermal structure composed of macrosclereid cells. Pronounced wall thick- 
enings of a pentosan-cellulosic composition are developed and cause pro- 
nounced toughening and hardness during maturation of the seed. 

Other structures are discussed and their relationship to texture is 
evaluated and classified in order of histological significance as contributing 
factors to problems of texture. The cuticle is considered to be of minor 
importance. 

The effects of mineral nutrition were studied and it was demonstrated 
that the resulting texture, which may be independent of total skin thick- 
ness, appears to be related to slight changes in pectic materials. Thus 
cell-wall substances and structures, as determinants of texture character- 
istics, are affected by nutrition. 

Histological characteristics as related to problems of texture in process- 
ing methods are 'discussed. 
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Schultz and Olson (1940) described a special co-ordinate or lethal-rate 
paper for use in thermal-process calculations for food products in tin 
containers. The method of calculation using this lethal-rate paper was a 
distinct ina^ovement on the graphical method of Bigelow, Bohart, Rich- 
ardson, and Ball (1920) but, as described, it imposes limitations on the 
selection of the temperature scale for the lethality graph. It was shown 
only how the maximum temperature could be made 250°F. plus or minus 
multiples of the z value for which the lethal-rate paper was constructed. 
Each different scale requires the use of a different unit area in making the 
calculations, and Schultz and Olson provided a formula for determining 
this unit area only within the limits of the scale application noted. 

Actually, there need be no limitation on the choice of the scale for the 
lethal-rate paper if a suitable unit area is calculated for use with the scale 
selected. In constructing the lethal-rate paper for a given z value of the 
thermal death curve, the lethal rates (L) for temperatures in the process- 
ing range are calculated with 250‘^F. represented by L = 1. The tempera- 
ture lines are then drawn at the corresponding L units above the base with 
the top-line unity. Since the thermal death curve representing the relation- 
ship between L and temperature is a straight line on semilog paper, it is 
apparent that there is a temperature coefficient for L. This would mean 
that a change of a given number of degrees temperature anywhere in the 
range multiplies or divides the L by a constant factor so long as z does not 

change. It is found that Ljj 4 o — -- ; hi 23 o — ; etc. If then, the 

3.594 (3.594^“ 

top line were to represent 240° F., = (3 594 ^’ 

The change in L from 240 to 230°F. is the same fraction of the total scale 
when 240°F. is the top line as the change from 250 to 240®F. when 250®F. 
is the top line. This is true on down the scale and for any temperature 
interval. Therefore, with no change in z a given line on the paper is always 
in the correct position to represent the lethal rate at a certain number of 
degrees below the temperature selected for the top line. 

The unit area to be used with any given selection for the top-line tem- 
perature is calculated as .follows : The unit area must be an area on the 
paper such that the product of the ordinate (lethality) and abscissa 
(minutes) equals unity. The lethal rate of the top line may be calculated 
with a formula given by Schultz and Olson and the distance from the base 
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to the top line is measured. The number of minutes to the inch on the 
linear time scale is noted. Then, 

unit area (in square inches) = — — • — ^ — 

m L 

where d — the number of inches from the base to the top line, 
m = the number of minutes per inch on the time scale, 

L = the lethal rate for the temperature selected for the 
top line (when L = 1 at 250° F.). 

This unit area represents a sterilization value (F) of 1. The sterilization 
value for any length of process is found by measuring the area enclosed by 
the lethality curve and the base line and dividing by the unit area. Unit 
areas for a graph of the usual dimensions are given (Table 1). 


TABLE I 

J'nii Jrra,s for Use With Various Maximum Scale Temperatures 
When d — 10, m ~ 1-0, and z — 


Degrees F. 

Unit aren 

Degrees F. 

Unit area 

250 

1.000 

232 

10.00 

249 

1.136 

231 

11.36 

248 

1.292 

230 

12.92 

247 

1.468 

229 

14.68 

246 

1.668 

228 

16.68 

245 

1.896 

227 

18.96 

244 

2.154 

226 

21.54 

243 

2.44H 

225 

24.48 

242 

2.782 

224 

27.82 

241 

3.162 

223 

31.62 

240 

3,594 

222 

35.94 

239 

4.084 

221 

40.84 

238 

4.642 

220 

46.42 

237 

5.276 

219 

52.76 

236 

5.994 

218 

59.94 

235 

6.814 

217 

68.14 

234 

7.742 

216 

77.42 

233 

8.798 

215 

87.98 


* When d — 20, unit areas are one-half of values leriven. 


This added flexibility in applying the temperature scale to the lethal- 
rate paper not only permits the attainment of the most manageable area 
under the curve but also simplifies conversion of data from one retort 
temperature to another. If a curve is available at one retort temperature, 
the entire temperature scale may be shifted by the amount it is desired to 
change the retort temperature. The areas already measured for the original 
retort temperature are then divided by the unit area required by the new 
top-line temperature to determine the sterilization value of the process at 
the new retort temperature. In shifting the scale the initial temperatuije 
is, of course, changed by the same amount that the retort temperature was 
changed and a correction for this may be necessary. 

Having the top line of the lethal-rate paper represent 250 °F. plus or 
^inus multiples of the z value has the advantage that the unit areas are 
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convenient numbers permitting easy division, whereas the unit areas are 
long decimal numbers when other scales are used. Especially when a cal- 
culator is available, however, the advantages of free selection of the scale 
outweigh this inconvenience. This laboratory has found it convenient to 
have a scale labeled “degrees below maximum scale temperature’’ placed 
in one margin of the printed lethal-rate paper as a guide for labeling the 
graph after a selection has been made for the top line as dictated by the 
nature of the data to be plotted. 

SUMMARY 

A method has been described by which the Schultz and Olson lethal- 
rate paper for calculating thermal processes for food products in tin 
containers may be used with free choice of the temperature scale by the 
application of suitable unit areas. The additional flexibility of the scale 
yields more convenient areas under the lethality curve, and it is shown 
how the method permits conversion of data to a new retort temperature 
without the construction of a new curve. 
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In 1936 some experiments with pure vitamin C ^ and vinegars were car- 
ried out by the senior author in an attempt to secure information which 
might help to explain the vitamin C losses which occur in vegetables during 
pickle making. In the first experiment a comparison was made of vitamin C 
losses in mixtures of a solution of pure ascorbic acid (in distilled water) 
with distilled water, cider vinegar (raw and boiled), and five per cent 
acetic acid. The results (Table 1) show that the immediate loss was highest 
in the mixtures of ascorbic acid solution with either raw or boiled vinegar, 
while that in the mixture containing five per cent acetic acid was lowest. 
After 24 hours at room temperature the mixtures containing vinegars had 
lost approximately 85 per cent of the vitamin C present at the time of the 
immediate test, while the one containing five per cent acetic acid had lost 
only 15 per cent. 


TABLE 1 

Effect of Cider Vinegar and Five Per Cent Acetic Acid on Vitamin C Loss in a 
Solution of Pure Ascorbic Acid (Cebione) 


Mixtures 


10 ml. ascorbic acid sol.^ -f 40 ml. distilled water* 

10 ml. ascorbic acid sol.' -f 40 ml. 5% acetic acid* 

10 ml. ascorbic acid sol.' + 40 ml. raw cider vmegar* 

10 ml. ascorbic acid sol.' + 40 ml. boiled eider vinegar*. 


V'itamin C 

! in mixture 

Immediate 

test 

After 24 
hours 

mg. 'SO ml. 

mg. 'SO ml. 

8.14 

5.14 

8.75 

7.44 

7.29 

1.07 

6.86 

.95 


^Contents of 0.1-gm. ampul dissolved in 100 ml. of distilled water, * Mixtures kept in glass- 
stoppered volumetric flasks at room temperature. 


A later experiment, Clayton (1940), carried out with mixtures of an 
eight-per cent acetic acid extract of raw green pepper and five per cent 
acetic acid, or malt, cider, and white vinegars (adjusted to five per cent 
acidity), again showed a much slower rate of vitamin C loss in the mixture 
containing the acetic acid than in those containing the vinegars. Also rate 
of loss varied somewhat with the different vinegars, the mixture containing 
the white vinegar showing the lowest loss and the mixture containing the 
cider vinegar the highest loss. 

In continuation of these experiments with vinegars recent studies have 
been made of vitamin C losses in individual cabbage salads made with 
French dressing containing different kinds of vinegar (three and five per 


' Merck 's Cebione. 
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cent acidity), acetic acid (three and five per cent acidity), or distilled 
water. Losses in salads made wdth plain vinegars (three and five per cent 
acidity), or acetic acid (three and five per cent acidity)^ also have been 
studied. (Comparisons have been made between the results obtained when 
the salads were mixed in white enameled bowls with a metal-tined kitchen 
fork and in glass bqwls with a silver fork. The results of these experiments 
are reported in this paper. 

EXPERIMENTAL PROCEDURE 

A supply of new early cabbages was bought from a dealer in February, 
1945, and kept in cold storage at approximately 1.1°C.(34°F.). Delivery 
to the laboratory building was made once a week and the cabbages kept in 
a cool cellar storeroom until used. 

Method of Sampling and Analysis for Vitamin C : A different cabbage 
was used for each day’s series of tests. The cabbage was first cut into 
(|uarters (down through the core) and a sufficient amount of the tender 
part of the head was then shredded with a sharp stainless-steel knife. The 
width of the shreds was about one-eighth inch. The total amount of 
shredded cabbage was then thoroughly mixed in a large glass bowl and the 
samples removed from the mixed lot. 

For the raw analysis a 50-gram sample was blended for three minutes 
in a Waring blendor with 200 ml. of three per cent metaphosphoric acid. 
Two samples of approximately 19 gm. each of the blended mixture were 
then quickly dipped out of the blendor with an aluminum cream dipper 
and weighed in previously weighed weighing bottles. The mixture was 
quantitatively washed out of each bottle with approximately 10 ml. of 
three per cent metaphosphoric acid into a small mortar (3^^ inches in 
diameter) and ground for two minutes with five gm. of Merck’s reagent 
sea sand. It was then washed from the mortar with about 15 ml. more 
acid into a 50-ml. centrifuge tube (with constricted neck), stoppered, and 
centrifuged for 10 minutes. The fairly clear supernatant liquid was poured 
into a 100-ml. volumetric flask. The residue in the centrifuge tube was 
extracted twice more with shaking, using approximately 20 ml. of three 
per cent metaphosphoric acid each time and adding the supernatant liquid 
to the flask. The extract in the flask was then made up to volume, shaken, 
filtered through S and S No. 560 fluted paper and titrated with a solution 
of dichlorobenzenone-indophenol. A five-ml. microburette was used and the 
indicator was standardized against Merck’s Cebione. 

The individual salads were made in either white enameled or glass 
bowls using 50 gm. of cabbage and 10 gm. of French dressing ® or an equiv- 
alent amount of vinegar or acetic acid (3.4 gm.) in each. Mixing was done 
with either a metal-tined kitchen fork or a silver fork. The bowls were 
covered with waxed paper and allowed to stand at room temperature [20 

* Studies were also made of the effect of adding the seasonings used in plain French 
dressing to plain cider vinegar (five per cent acidity) or to five per cent acetic acid 
before mixing with the cabbage. 

•Recipe for French dressing: % cup vinegar (121 gm.), 1 cup Wesson oil (217 gm.), 
1^ teaspoons 8alt,'l% teaspoons sugar, % teaspoon mustard, % teaspoon paprika, % tea- 
spoon onion juice, dash of red pepper, and % teaspoon Worcestershire sauce. 
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to 22,5°C.(68 to 72.5°P.)] for the required time intervals. The same 
method of analysis was used as for the plain raw cabbage^ the salads being 
washed from the bowls into the blendor with 200 ml. of three per cent 
metaphosphoric acid. The acidity of the vinegars was determined by titra- 
tion with standard NaOH and necessary dilutions were made with distilled 
water. 



HOURS 

Fig. 1. Kate of loss of vitamin C in the cabbage portion of salads (white enameled 
bowls and metal-tinod kitchen fork used) made with French dressing containing cider or 
tarragon vinegar of five per cent acidity. 


RESULTS 

The results of the experiments on cabbage are summarized (Pig. 1 and 
Tables 2, 3, 4, and 5). 

In cabbage salads made with Prench dressing containing cider or tar- 
ragon vinegar of five per cent acidity (Pig. 1) the cabbage lost vitamin 
C quite rapidly after the addition of dressing containing either kind of 
vinegar.* The immediate loss was somewhat more rapid with the tarragon 
vinegar dressing but was higher after four hours with the cider vinegar 
dressing. At the end of two hours the loss was approximately 35 per cent 
with both kinds of dressing. In this same time interval the loss in the same 
amount of plain shredded cabbage in the same kind of bowl was only 0;6 
per cent. 


* Similar results were obtained for kale when it was mixed with French dressing 
containing cider vinegar of five per cent acidity. See Maine Agr. Expt. Sta. Bull. 438, 
Report of progress for year ending June 30, 1945. 
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The effect of kind and acidity of vinegar (or acetic acid), when used 
in French dressings, on the average rate of loss of vitamin C in cabbage 
salads is shown (Table 2). After two hours the percentage losses of vitamin 
C were very similar in salads made with French dressing containing the 
different kinds of vinegar of the same acidity. Also the losses with acetic 
acid were similar tp those with vinegars of the same acidity. In two hours 
the average percentage loss of vitamin C in salads made with French 
dressing containing five per cent vinegars or acetic acid was 34.3 per cent. 
In those containing three per cent vinegar or acetic acid the loss was 21.5 
per cent, and in salads made with a control mixture containing distilled 
water instead of the vinegar of the French dressing the loss was only 0.8 
per cent. These differences associated with relative acidity were shown 
to be highly significant statistically. Enameled bowls and a kitchen fork 
were used in this series. 


TABLE 2 

Effect of Kind and Acidity of Vinegar (or Acetic Acid) When Used in French 
Dressings on Average Fate of Loss of Vitamin C in Cabbage Salads* 


Kind and acidity of 
vinegar 

Number 

of 

tests 

Raw 
cabbage, 
immedi- 
ate test 

Cabbage 
in salad, 
immedi- 
ate test 

Loss 

from 

raw 

value 

Cabbage 
in salad, 

2 -hr. 
test 

liOSS 

from 

raw 

value 

Vitamin 

C 

Vitamin 

C* 

Vitamin 

0* 



mg,/ 

mg./ 

pet. 

mg./ 

pet. 



100 gm. 

100 gm. 

100 gm. 


Cfider, 5%, *. 

2 

50.31 

48.64 

3.4 

33.78 

32.7 

Distilled white, 5% 

2 

33.39 

32.24 

3.1 

20.97 

37.9 

Malt, 5% 

2 

39.89 

39.05 

2.1 

27.68 

30.8 

Tarragon, 5% 

2 

33.54 

31.66 

5.5 

20.72 

38.3 

Acetic acid, 

2 

46.69 

46.03 

1.5 

32.04 

31.4 

Average 


40.76 

39.52 

3.1 

27.04 

34.3 

Cider, 3% 

2 

40.73 

38.09 

6.4 

32.53 

20.3 

Distilled white, 3% 

2 

34.88 1 

33.72 

3.1 

27.44 

21.9 

Malt, 

2 

31.37 

31.09 

1.2 

24.75 

21.4 

Tarragon, 3% 

2 

33.54 

31.38 

6.4 

25.70 ! 

23.3 

Acetic acid, 3% 

o 

40.86 

40.36 

1.5 

32.50 

20.7 

Average 


36.28 

34.93 

3.7 

28.58 

21.5 

Distilled water (instead of 







vinesrar in dressinu) 

2 

36.15 

34.83 

‘3.7 

35.88 

0.8 


^ White enameled bowls and metal-tined kitchen fork used in this series. * Results calculated 
on basis of original weight of cabbage in indiTidual salads (50 gm.) ; 10 gm. dressing in each. 

The effects of seven different kinds of plain vinegars and acetic acid 
(all diluted to three per cent acidity)® on average vitamin C losses in cab- 
bage salads are shown (Table 3). In these experiments 3.4 gm. of diluted 
vinegar or three per cent acetic acid were used with 50 gm. of cabbage. 
This is the amount of vinegar contained in 10 gm. of French dressing. A 
statistical study of the results obtained in the two-hour tests indicates that, 
while there was some vaijiability in the results with the different vinegars, 
these differences were not significant. Also the results with the three per 

All of the vinegars in this series were diluted to three per cent acidity because some 
were below five per cent as purchased. 
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cent acetic acid were not significantly different from those with the vine- 
gars. Glass bowls and a silver fork were used in this series. 

TABLE 8 


Effect of Different Kinds of Plain Vinegars (and Acetic Acid) Diluted to Three Per 
Cent Acidity, on Average Vitamin C Losses in Cahhage Salads^ 


Kind of vinegar 

Number 

of 

testn 

Raw ; 
cabbage, 
immedi- 
ate test 

Cabbage 
in salad, 
immedi- 
ate test 


Cabbage 
in salad, 
2-hr. 
test 

Loss 

from 

raw 

value 

Vitamin ' 

0 i 

Vitamin 

C* 

Vitamin 

C* 



m.g./ 

mg./ 


mg./ 

pet. 



100 gm. 

100 gm. 


100 gm. 


Cider 

2 

23.28 

22.50 

3.5 

15.39 

33.9 

Distilled white 

O 

23.28 

21.83 

6.3 

15.13 

35.1 

Malt 

' 2 

23.93 

22.82 

4.8 

17.32 

28.0 

Tarragon 

2 

27.92 

26.66 

4.5 

17.60 

37.0 

Herb salad 

2 

27.90 

25.40 

8.5 

19.47 

30.3 

Bed wine 

O 

20.76 

19.39 

6.6 

13.71 

34.0 

Sauteme 

2 

20.76 

18.69 

9.7 

12.68 

39.0 

Acetic acid 

2 

42.44 

39.96 

6.2 

26.94 

37.1 

Averaare 

.... 

26.28 

24.66 

6.3 

17.28 

34.3 


^ Glass bowls and silver fork used in this series. Vinegar or acid dilated with glass distilled 
water. * Results calculated on basis of original weight of cabbage in individual salads (50 gm.). 
Each salad contained 3.4 gm. vinegar (the amount in 10 gm. French dressing). 


Effects of utensils used in making cabbage salads containing plain 
vinegars (or acetic acid) on the average rate of loss of vitamin C are indi- 
cated (Table 4). After two hours the percentage losses of vitamin C were 
12.7 per cent higher in the salads made with plain five per cent cider 
vinegar or acetic acid when enameled bowls and a kitchen fork were used 
instead of glass bowls and a silver fork. When the salads were made with 
three per cent vinegar the differences owing to the utensils averaged only 
4.5 per cent. 

Effects on average losses of vitamin C of the addition of seasonings to 
cider vinegar or acetic acid used in cabbage salads are presented (Tables 
2 and 4). A comparison of the results indicates that the cabbage in salads 
made with plain five per cent cider vinegar lost 34.6 per cent more vitamin 
C than that in salads made with French dressing containing the same 
amount of the same kind of vinegar (enameled bowls and kitchen fork 
used). Similar comparative results were secured with five per cent acetic 
acid and French dressing containing the same strength of acetic acid. It 
therefore appears that the oxidizing effect of the vinegar or acid is retarded 
by other ingredients in the French dressing. 

In an attempt to determine whether it was the oil or the seasonings 
which had the retarding effect on oxidation a series of tests was carried 
out using plain vinegar (five per cent acidity) or five per cent acetic^ acid 
plus the seasonings used in the French dressing. The results of tbiese 
experiments are given (Table 5). Comparison is made with results pre- 
viously obtained with plain cider vinegar or acetic acid and with French 
dressing containing cider vinegar or acetic tfccid. It is apparent that vitamin 
C losses were much lower in the salads made with the vinegar or acetic 
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TABLE 4 

Effect of Utensils Used in Making Cabbage Salads Containing Plain Vinegar 
(or Acetic Acid)* on Average Bate of Loss of Vitamin C 


Acidity of vinegar or 
acetic acid 

Type of bowl 

1 and fork 

Number 

of 

tests 

Haw 
cabbage, 
immedi- 
ate test 

Cabbage 
in salad, 
immedi- 
ate test 

Loss 

from 

raw 

Cabbage 
in salad, 
2 -hr. 
test 

XjOSS 

from 

raw 

Vitamin 

C 

Vitamin 

c» 

value 

Vitamin 

c* 

value 

("idc*r, 

Enameled bowl 


100 gm. 

mg./ 
100 gm. 

pet. 

mg./ 
100 gm. 

pet. 


and kitchen fork 

o 

36.31 

34.28 

6.0 

11.76 

67.3 

Acetic acid, 

Enameled bowl 
and kitchen fork 

o 

39.10 

36.04 

8.2 

12.56 

67.4 

A v«*ragfe 



37.71 

3.1.16 

7.1 

12.16 

67.4 

rider, .1% 

Class bowl and 






silver fork 

3 

31.42 

29.61 

5.3 

i 14.86 

53.1 

Acetic acid, rt% 

Glass bowl and 
silver fork 

3 

33.15 

31.42 

5.2 

14.10 

56.3 

Average 



32.29 

30.52 

5.3 

14.48 

54.7 

Cider, S% 

Enameled bowl 




and kitchen fork 

2 

36.31 

32.64 

10.3 

22.45 

38.4 

Cnder, 390 

Glass bowl and 








silver fork 

2 

23.28 

22.50 

3.5 

15.39 

33.9 

^ Each salad contained 3.4 gm. of vinegar or 

acid (the 

amount in 10 gm. 

French dressing) 


KoRults calculated on basis of original weight of cabbage. 


TABLE 5 


Effect on Average Losses of Vitamin C of Addition of Seasonings to Cider Vinegar or 
Acetic Acid Used in Cabbage Salads 


Kind of dressing 

Number 

of 

tests 

Raw 
cabbage, 
immedi- 
ate test 

Cabbage 
in salad, 
immedi- 
ate test 

Loss 

from 

raw 

value 

Cabbage 
in salad, 
2-hr. 
test 

Loss 

from 

raw 

value 

Vitamin 

C 

Vitamin 

C‘ 

Vitamin 

O' 



mg./ 

mg./ 

pet. 

mg./ 

pet. 



100 gm. 

100 gm. 


7 00 gm. 


Cider vinegar, 5%* 

3 

31.42 

29.61 

5.3 

14.86 

53.1 

Acetic acid, 5%* 

3 

33.15 

31.42 

5.2 

14.10 

56.3 

Cider vinegar, 5%, plus seasonings* 

2 

46.13 

44.46 

4.0 

34.16 

27.1 

Acetic acid, 5%, plus seasonings* 

2 

38.43 

37.58 

2.2 

28.83 

25.1 

Ereneh dressing* with 5 % 







cider vinegar 

2 

50.31 

48.80 

3.0 

31.31 

25.8 

French dressing* with 5 % 





1 


acetic acid 

2 

46.69 

46.22 

1.0 

34.46 

26.2 


^ Re^ulta calculated on basis of ori/^nal weight of cabbage in individual salads. Each salad 
contained 10 gm. French dressing or the equivalent amount of vinegar or vinegar plus seasonings. 
^ Glass bowls and silver fork used. ’ Since enameled bowls and kitchen fork were used for the sal- 
ads containing French dressing, the values given have been corrected to make them comparable to 
those given for the vinegar and acetic acid and the vinegar and acetic acid plus seasonings. 
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acid containing the seasonings than in those containing vinegar or acid 
alone. The losses in salads made with French dressing were almost identici^l 
with those in salads made with equivalent amounts of the vinegar or acid 
plus seasonings. (Analysis of the freshly mixed seasonings showed that 
they contained only a trace of vitamin C.) Therefore it appears that the 
lower losses of vitamin C which occur in cabbage salads made with French 
dressing (as compared with those made with plain vinegar) are chiefly 
due to the seasonings in the dressing rather than the oil. 

DISCUSSION 

According to Wachholder (1942) the vitamin C in cabbage can be 
oxidized by a heat-labile ascorbic acid oxidase and by heat-stable metal 
containing catalysts. Bach (1945) states that at a pH of 6.5 an aqueous 
vapor distillate of cabbage is inhibitory to the catalytic effect (on vitamin 
C oxidation) of CuSO^-SHoO in a concentration of 5.7 X 10"® M but not at 
a concentration of 5.7 X 10"* JVI. She explains this inhibitory action by the 
fact that the distillate contains sulphur compounds which probably combine 
with copper to form sulfides. 

In the experiments reported in the present paper the damage to the 
cells of the cabbage during shredding with a stainless-steel knife was 
apparently not great enough to release the ascorbic acid oxidase. There- 
fore the protective substances present in the cabbage were adequate to 
protect the vitamin 0 in the plain shredded cabbage and in the cabbage 
mixed with the French dressing containing distilled water instead of vine- 
gar (Table 2). However, when vinegar or acetic acid was added to the 
cabbage, either plain or in French dressing, metallic ions were probably 
liberated which catalyzed the oxidation. The source of part of these ions 
was probably in the traces of metallic salts which were present as con- 
tamination. Also the increase in acidity was apparently sufficient to free 
other metallic ions which had previously been combined with the protective 
substances. This explanation appears logical, since the loss of vitamin C in 
the cabbage was proportional to the titratable acidity of the vinegar or 
acetic acid. 

The theoretical pH of five per cent acetic acid is 2.4 and of three per 
cent, is 2.5. According to Tauber, Kleiner, and Mishkind (1935) inacti- 
vation occurs in purified squash oxidase at pH 2. Therefore it does not 
seem probable that the ascorbic acid oxidase in the cabbage was activated 
by the vinegar or acetic acid used in the cabbage salads. 

The increased oxidation of vitamin C which occurred when the enameled 
bowls and kitchen fork were used in the presence of vinegar or acetic acid 
can be explained as being due to the effect of additional metallic ions from 
the bowls and fork. 

Strohecker, Busse, and Weinreich (1941) found that of a number of 
metals which they tested silver and copper had the strongest action in 
catalyzing vitamin C oxidation. Therefore, it seemed possible that the 
silver fork, used in some of the experiments reported in the present paper, 
might have provided silver ions which were partly responsible for the 
vitamin C oxidation. However, in a series of experiments in which a com- 
parison was made of the effect of mixing cabbage salads containing French 
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' ressing with a recently polished silver fork or with one of a transparent 
lastic material, no significant difference was shown. In these experiments 
^he salads were mixed in glass bowls and held at room temperature for 
one- and two-hour intervals before testing. 

The question arises as to why there was a significant difference between 
the results with vinegars and those with acetic acid in the experiments with 
pure ascorbic acid and in those with extract of green pepper but none in 
the cabbage experiments. The answer to this question may be given by 
pointing out certain differences in the conditions existing in the different 
experiments. In the experiment with the solution of pure ascorbic acid 
(Table 1) the only metallic ions (such as iron or copper) introduced were 
those in the vinegar itself ; therefore the oxidation was more rapid in the 
mixtures containing vinegar. In the experiment with the extract of green 
pepper in eight per cent acetic acid, Clayton (1940) , only a small amount 
of the pepper extract (probably containing only traces of metallic ions) 
was used, so the catalytic effect of the metallic ions in the different vinegars 
(but not in the acetic acid) caused differences in the rate of vitamin C 
oxidation in the pepper extract. 

In the cabbage experiments the amount of cabbage used in proportion 
to acetic acid or vinegar was large. Since the cabbage itself probably con- 
tained traces of metals which could be ionized by acid and since there was 
also some contamination by traces of metals in the utensils used, a differ- 
ence between the effect of acetic acid and vinegar was not apparent. It is 
also possible that if shorter time intervals had been used in the cabbage 
experiments, differences could have been shown between the effects of the 
different kinds of vinegar. However, the acidity of the vinegar or acetic 
acid appears to be the most important factor responsible for loss of vitamin 
C in the. cabbage salads. 

The protective effect of the seasonings cannot be definitely explained. 
They may have contained reducing substances which did not affect the 
indicator in the vitamin C titrations. Also, they probably decreased the 
acidity of the vinegar and acetic acid to some extent. 

As a practical application of the above findings it is suggested that in 
order to obtain the maximum amount of vitamin C from cabbage salads 
containing vinegar or French dressing the vinegar or dressing should be 
added to the cabbage just before eating. The same suggestion applies to 
salads made with other greens. Contact of the salads with metals, espe- 
cially iron and copper, should be avoided as much as possible. 

SUMMARY 

Vitamin C losses were studied in individual cabbage salads made with 
different kinds of vinegar (or acetic acid) and with French dressings 
containing vinegars (or acetic acid). The losses in salads made with 
French dressing were lower than in those containing the same amount of 
plain vinegar. After the salads had stood two hours at room temperature 
the loss of the vitamin was proportional to the titratable acidity of the 
vinegar (or acetic acid). This was apparently due to the liberation of 
metallic ions by the acid. 
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The nicotinic acid content of several species of fish from Michigan 
waters of the Great Lakes was reported in a previous publication by 
Klocke, Porter, Tack, Leffler, Henry, and Nitchals (1946). In the present 
investigation the thiamin content of lake herring \Leucichthys artedi), 
common suckers (Catostomus c, commersonn) y carp (Cyprinus carpio)^ 
burbot {Lota lota maculosa), and smelt {Osmerus modax [Mitchell]) have 
been recorded, including the effect of freezing, refrigeration, holding, 
baking, frying, and possible seasonal and environmental variations. 

EXPERIMENTAL PROCEDURE 

The lake herring used in the study were caught by Michigan fishermen 
in the vicinity of Escanaba on Green Bay or East Tawas and Bay Port on 
Saginaw Bay. The carp were from Monroe on Lake Erie and Saugatuck 
on Lake Michigan, the common suckers from Cheboygan on Lake Huron, 
the burbot from Escanaba on Green Bay, and the smelts from Saginaw 
Bay. The commercial shipping procedure of packing the fish in cracked 
ice in wooden boxes was followed. The fish arrived one or two days after 
being caught and were immediately dressed and filleted. A commercial 
cold-storage plant froze the individually wrapped fillets. The fish which 
were to be analyzed fresh were kept in the freezing compartment of a 
seven-cubic-foot refrigerator. 

Series of thiamin assays were made on raw, baked, fried, frozen, and 
refrigerated fish with enzyme digestion followed by oxidation of thiamin 
to thiochrome. The freezing and baking methods are given in detail in the 
previous paper by Klocke et aL (1946). One-half fillet of fish for frying 
was placed, flesh side down, in a hot, cast-iron frying pan containing five 
grams of melted hydrogenated fat. After three to four minutes the fillet 
was turned and then fried slowly for an additional three to four minutes. 
The entire contents of the frying pan were analyzed. Herring used for a 
refrigeration holding test were wrapped individually in parchment paper. 
One half of each fillet was analyzed immediately and the other half was 
held for 48, 120, and 137 hours at 4‘^C.(39°P.). 

For extraction of thiqmin, one-half fillet of herring or cross sections 
of the larger species or several smelts were weighed and macerated for 

^Approved the director of the Michigan Agricultural Experiment Station for 
publication os Journal Article No. 7S0, n.s. 
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five to seven minutes in a Waring blender with five to seven times the 
tissue weight in water. Duplicate or triplicate samples weighing approxi- 
mately 40 grams were introduced into 125-ml. Erlenmeyer flasks. To each 
was added 10 ml. of sodium acetate-acetic acid buffer (pH 4.5) containing 
0.2 gm. of the enzyme polidase-S.* After enzyme digestion had proceeded 
for 16 to 18 hours at 45°C.(113°F.), the digest was heated to boiling, 
cooled, and filtered through Whatman No. 12 filter paper. 

Five milliliters of the digested filtrate were pipetted into glass-stop- 
pered cylinders. In rapid succession three drops of one-per cent potassium 
ferricyanide, three ml. of 15-per cent sodium hydroxide, and 30 ml. of dis- 
tilled isobutanol were added. The contents of the cylinders were shaken 
for one and one-half minutes, poured into separatory funnels, and the 
layers allowed to separate. The alkali layer was discarded and the alcohol 
layer was poured into a clean, dry, 50-ml. centrifuge tube. Four grams 
of anhydrous sodium sulfate were added to each tube and the tubes were 
centrifuged for approximately two minutes or until the solution was crystal 
clear. The fluorescence produced was measured with a Lumatron, using a 
solution of crystalline thiamin oxidized to thiochrome as a primary standard 
and quinine sulfate as a secondary standard. Blank readings were made 
on every extract by omitting the potassium ferriej'anide. 

Two weighed portions of the macerated tissue were dried overnight at 
95 to 10()°C.(203 to 212°F.) to determine total solids, brought to room 
temperature in a desiccator, and weighed. The percentages of solids were 
calculated. 

Analysis and calculations were made on the edible portion of the fish. 
The reported values for fried and baked fish were calculated by multiply- 
ing the micrograms per gram of cooked tissue by the cooked weight and 
dividing by the raw weight. The significance, Snedecor (1940), of the 
differences in the results of method variations and processing were deter- 
mined by the ''V test. 

RESULTS 

A preliminary comparison of methods of extraction and hydrolysis of 
thiamin from fish tissue was made using suggested enzymes and incuba- 
tion periods (Table 1). The results of Series I indicate that a combination 
of the enzymes takadiastase and papain gave less than 10 per cent lower 
values than polidase-S alone, fn Series II the results of incubation with 
polidase-S for two and one-half or 16 to 18 hours were comparable. Mild 
acid hydrolysis. Series III, in which the samples were refluxed on a steam 
bath for 60 minutes followed by enzyme digestion with polidase-S, gave 
results corresponding to direct digestion with polidase-S. Enzyme digestion 
with polidase-S for 16 to 18 hours at 45°C. was considered adequate and 
practical for the tissues being analyzed in this laboratory. Base-exchange 
tubes have been suggested for the removal of fluorescing substances occur- 
ring naturally in tissues. However, the adsorption step in the method 6f 
Conner and Straub (1941) was found unnecessary because the thiamin 
values obtained by its use were not significantly higher (Series IV). 


Kecommended by Glausen and Brown (1943) and obtained from Schwartz Laboratory. 
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The thiamin contents of lake herring, carp, common suckers, burbot, 
and smelts are presented (Table 2). The average thiamin values for 11 
groups of lake herring ranged from 0.27 to 1.24 fig. of thiamin per gram 
of moist tissue with an average of 0.87 fig. per gm. for a total of 140 fish. 
Burbot had an average value of 3.78 fig. of thiamin per gm. of moist tissue. 
The values for herring were within the range of 0.3 to 2.4 fig. per gm. 
reported for salt-water fish by Munsell (1940), Lovem (1943), Leong 
(1940), and Holmes (1945), and those for the burbot were slightly higher. 
Judging from the present results, common suckers, carp, and smelts con- 
tain insignificant amounts of thiamin. The absence of thiamin in raw carp, 


TABLE 1 

A Comparison of Methods of Extraction and Hydrolysis of Thiamin From Lake 
Herring Using Suggested Enzymes and Incubation Periods 



Series I 

Series II 

Series III 

Series IV 

Sample 

No. 

Enzyme digestion, 
16-18 hr. 
pH 4.6, at 45*0. 

Digestion with 
polidase, pH 4.5, 
at 45^0. 

Digestion with 
polidase for 16-18 
hr., pH 4.6, 
at 45®0. 

Difl^tion with 
polidase, 16-18 
hr., pH 4.5, 
at45“C. 

Takadi- 

Bstaae 

and 

papain 

Polidase 

2 Vi hr. 

16-18 

hr. 

Refluxed 
60 min. 
on steam 
bath 

No re- 
fluxing 

With 
absorp- 
tion on 
decalso 

Without 

absorp- 

tion 


/ip./flwi. 


fip./ffni. 


(ig./gm. 

(ip-/gm. 

ug^/ftm. 

lig./gm. 

1 

0.45 

0.49 

0.51 

0.49 

0.48 

0.49 



o 

1.10 

1.22 







3 

1.08 

1.11 








4 

0.95 

0.97 







5 






1.47 

1.58 

1.47 

1.58 

6 





1..38 

1.40 

1.34 

1.40 

7 







1.27 

1.27 

8 







1.58 

1.62 

t ) 







0.87 

0.91 

10 







0.62 

0.68 


smelts, and o(;eaii herring has been investigated by Spitzer, Coombes, 
Elvehjem, and Wisnicky (1941) ; Deutsch and Ott (1942) ; Sealock, Liver- 
more, and Evans (1943) ; Owen and Perrebee (1943) ; and Krampitz and 
Woolley (1944). These investigators have found a substance which causes 
an enzymatic degradation of the thiamin molecule. The viscera contain the 
highest concentration of the active component. Poxes fed carp viscera 
developed a thiamin deficiency but those fed carp fillets were normal. 
Since Smith and Proutt (1944) reported that cats fed exclusively on 
diets of raw carp or raw ocean herring developed a characteristic thiamin 
deficiency but those fed perch, catfish, or butterfish did not, the thiamin- 
destroying component probably is present only in certain species of fish. 
Woolley* (1941) and Owen and Perrebee (1943) have found that the 
factor was destroyed by cooking or autoclaving, drying, and peptic 
digestion. 

Since the diet of the animal influences to some extent the nutritive 
value of the tissue, Miller, Pence, Dutcher, Ziezler, and McCarty (1943), 
lake herring were analyzed during the two yearly runs, in May and June 
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and November and December, and also in January and February, when 
they are less abundant. Herring in the spring run of 1944 averaged 1,06 
of thiamin per gm., and in 1945 when the skin was included in the 
analysis, they averaged 0.73 ftg. per gm. The average of 76 herring an- 
alyzed during the two spring runs was 0.89 jitg. per gm. of fresh tissue. 
Thirty-two herring caught and analyzed during the fall spawning season 
averaged 0.58 /ng. per gm. and the 32 fish assayed in January and February 
averaged 1.12 /u.g. per gm. A total of 63 fish from Saginaw Bay contained 
an average of 0.86 /tig. per gm., and a total of 61 fish from Green Bay had 
an average value of 0.87 /u,g. per gm. Seasonal and environmental condi- 
tions and individual variations are probably sufficient to explain the range 
in values for the herring assayed in this study. 

The data from the seven lots of herring analyzed fresh and after two 
and one-half to 11 months frozen storage (Table 2) indicate that the loss 
of thiamin is either slight or insignificant. In six lots the loss was insignifi- 
cant and one was slightly significant (“t” = 3.4 with 23 D.F.). In burbot 
there is an apparent increase in the thiamin content ; however, the per cent 
solids increased from 17.9 to 25.4, which explains the apparent increase in 
thiamin content. 

A significant loss — 5.03 with 16 D.F. and 5.06 with 40 D.F.) of 
thiamin occurred when two batches of lake herring were fried (Table 3). 
There was an average of 88 and 84 per cent retention of the vitamin. Lane, 
Johnson, and Williams (1942) reported a 60-per cent retention of thiamin 
for fried flounder but did not give cooking methods. 

With the baking methods used in this study, lake herring lost insignifi- 
cant amounts of thiamin (Table 4). According to Lane, Johnson, and 
Williams (1942), baked halibut retained 55 per cent of the thiamin. 
Holmes (1945) found 40 to 90 per cent retention in five species of sea 
fish cooked by institutional methods when the fish were baked 30 to 40 
minutes at 232°C.(450°F.). Since Mclntire, Schweigert, Henderson, and 
Elvehjem (1943) state that method of cooking and size of cut have an 
effect on the per cent retention of vitamins in meat, the fish in this experi- 
ment which were baked for 15 minutes at 177'^C.(350®F.) should have 
retained more thiamin than those baked for a longer period of time at a 
higher temperature. Cover, McLaren, and Pearson (1944) reported a 
higher retention of thiamin in ribs of beef baked rare than in those baked 
well done. 

The data from two groups of herring fillets held at 4°C.(39°F.) indi- 
cate that some loss of thiamin occurs during refrigeration (Table 5). In 
Series I the loss was insignificant at the end of 48 hours, but in Series II 
the loss was significant (“t^’ 3.04 with 22 D.F.). Holding periods of 

120 and 137 hours showed significant losses (“f = 3.45 and 3.49 with 
22 D.F.). In the second series, part of the fish were frozen dressed, stored 
for about four weeks, and shipped while frozen. The fish were not allowed 
to thaw and were not filleted until the analysis was made five weeks afte# 
harvesting. When this group is compared with those shipped on ice and 
analyzed immediately, there is a slightly significant loss (“t’’ == 2.52 with 
28 D.F.). Further tests should be made on the effects of similar types of 
refrigeration. 
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TABLE 2 


Thiamin Content of Fresh and Frozen Lake Herring, Carp, 
Common Suckers, Burbot, and Smelts 





Number 

of 

Thiamin in raw 
tissue 

Solids 

IWii 

samples 


BBI 


S.D. 

Lake herring 

- 

wo. 



(ig./ffin. 

pet. 

pet. 

Saginaw Bay 

Nov. 1943 

14 

4 

0.92 

.... 

21.7 



June 1944 

9 

29 

LOS 

0.19 

20.6 

1.5 




17 

1.00 

9.14 

19.8 

1.8 



7 

20 

1.20 

0.25 

20.5 

1.9 



11 

21* 

0.94 

0.14 

21 .2 

2.7 


Nov. 1944 

0 

5 

9.S9 


20.1 




4 

12 

0.60 

0.20 

18.0 

1.9 


Deo. 1944 

0 

10 

0.27 

9.10 

1S.8 

1.7 


Junel94n 

(1 

IS* 

1.94 

9 15 

21.0 

2.9 



0 

10* 

9.70 

0.21 

22.5 

2.7 

(ireen Bay 

June 1944 

0 

18 

9.82 

0.13 

21.7 

2.1 




15 

9.00 

0.13 

22.2 

1.7 


Nov. 1944 

0 

7 

0.43 


19.1 




5 

12 

0.30 

0.12 

1 9.0 

2.4 


Dec. 1944 

9 

10 

0.86 

0.12 

18.4 

1.5 


Jan. 194r> 

9 

10 

1.24 

0.15 

18.9 

1.7 



9 

9 * 

1 00 

9.12 

18.9 

1.0 


Feb. 1945 

9 

10 

1.00 

0.33 

17.2 

1.7 


June 1945 

9 

10* 

0.59 

0.09 

20.4 

1.8 

('ommon suckers 

March 1944 

9 

») 

0.0 





Dec. 1944 

9 

4 

0.04 


21.1 


(^arp 

May 1944 

3 

o 

0.05 


21.3 



Oct. 1944 

•* 

o 

0.0 




Burbot 

Nov. 1944 

9 

0 

3.78 


17.9 




JV. 

0 

4.44 


25.4 



March 1945 

Vi 

5 

4.33 

0.81 

15.6 


STuelts 

May 1945 

9 

17* 

0 05 

0.03 

19.2 

1.4 


‘ y I), mejins sinridjird devintion. * Skins included in nnu 


TABLE a 


Th'amin Content of Kaw and Fried JMke Herring 



Number 

Thiamin in tissue * 

Solids 

Sou ce 

of 

samples 

Raw 

j Fried * 

Raw 

1 Fried 


Mean 

S.I).» 

Mean 

S.D. 

Mean 

8 I). 

Mean 

S.D. 

Saginaw Bay 


Pf/./gm. 

fiff./gm. 

fip./f/W. 

!ig./gm. 

pet. 

pet. 

pet. 

pet. 

Fresh 

3 

1.04 


0.98 


23.0 


40.8 


(Ireen Bay 


1 

1 



Frozen.,...,. 
Saginaw Bay 

9 

1.00 

0.12 

0.88 

0.12 

18.9 

1.0 

39.9 

6.2 

Frozen 

21 

0.94 < 

0.14 

0.79 

0.13 i 

21,2 

2.7 

52.1 1 

8.0 


^ Skins included in analysis. ^ Reported value on fried portion obtained by multiplying /ig. per 
;m. fried weight by fried weight and dividing by weight before cooking. * S.D. means standard 
leviation. 
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After analyzing the average American diet, Lane, Johnson, and Wil- 
liams (1942) concluded that meats supply approximately one-fourth of the 
total thiamin in the diet. Since the thiamin content of lake herring and 
burbot is comparable to that of lean meats, with the exception of pork, 
these fish and undoubtedly others which have not been analyzed can make 
a valuable contribution to the American diet. Better shipping and market- 
ing practices would do much to increase the consumption of this highly 
nutritious food. 


TABLE 4 


Thmmin Content of Baw and Baked Lake Herring 



Number 

of 

samploK 

1 Tliiamin content 

j Solids 

Sou rci* 

Raw j 

1 Baked * ' 

Raw 

Baked 


Mean 

S D.2 

Mean 

S I>. 

Mean 

S.D. 

Mean 

S.D. 

Green Bay 



tif/./f/m. 


ng./gnu 

pet. 

pet. 

net. 

pet 

Fresh 

Saginaw Bay 

8 

0.86 

0.12 

0.85 

o.a,*! 

18.4 

1.5 

20.5 

2.6 

Frozen 

10 

1.26 

0.25 

1.25 

0.22 

20.5 

1.0 

24.4 

2.5 


' Sample weighed before baking and entire sample plus drippings used for analysis * S.I), 
means standard deviation. 


TABLE 5 


Influence of Befrigeration on Thiamin Content of Lake Herring 


Series 

Period 

of 

storaire ^ 

Number 

of 

samples 

j Thiamin in raw tLssue 

1 Solids 

Mean 

S.l).^ 

Mean j 

S 1) 


hr. 


lig./ffrn. 

liff./tnn. 

pet. 

pet . 

T 

0 

16 

1.24 

0.15 

1 8.0 

1.7 


48 1 

8 

1.27 

0.20 

19.4 

1.6 


120 

8 i 

1.16 

0.10 



11 

0 

16 

1.00 

0.33 

17.2 

1.7 


48 

8 

0.60 

0.11 

17.2 



137 

8 

0.53 

0.14 

18.7 

1.8 


5(wk.)“ 

14 

0.80 

0.16 

10.3 

0.9 


^Filleted, individually wrapped in parchment paper, stored at 4‘*(\(39'’P\). * S.l>. means stand 

»rd deviation, ® Frozen immediately, dressed, held frozen until analyzed, then filleted. 


SUMMARY AND CONCLUSION 

The influence of season of the year, environment, freezing, refriger- 
ation holding, baking, and frying on the thiamin content of five species 
of fish from Michigan waters, including carp, lake herring, common 
suckers, burbot, and smelts, has been reported. In this study thiamin was 
determined by applying the thiochrome method to enzyme-digested samples. 

The lake herring from Saginaw Bay analyzed during three seasons 
averaged 0.86 /*g. of thiamin per gram of fresh tissue, and during four 
seasons those from Green Bay averaged 0.87 ftg. per gm. Herring assayed 
during the spring run on two successive years averaged 0.89 fig. per gm.*; 
during one fall spawning season, 0.58 fig. per gm. ; and during January 
and February, 1.12 fig. per gm. Individual variation and seasonal and 
environmental conditions can probably account for the significant differ- 
ences found in the herring studied. 
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Burbot averaged 3.78 /ng. of thiamin per gm. of tissue. No thiamin 
was found in the carp, common suckers, and smelts which were analyzed. 

Freezing and subsequent storage for two and one-half to 11 months 
caused slight to insignificant losses of thiamin in seven lots of herring. 
Under the conditions of the experiment, baking losses of thiamin in two 
series of observations of herring were insignificant. Two lots of fried 
herring retained an average of 84 and 88 per cent of the original thia- 
min. The data from two groups of lake herring indicate that some loss 
of thiamin may occur after refrigeration for 48, 120, and 137 hours at 
4X\(39‘^P.). 

Lake herring and burbot can make a valuable contribution to the 
thiamin content of the American diet. 
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In the production of dehydrated potatoes one of the principal concerns 
is the avoidance of various types of discolorations which may impair the 
quality of the finished product. 

Such discolorations are both enzymatic and nonenzymatic in nature. 
They include the so-called scorch’’ or heat damage, a reddish-brown dis- 
coloration generally arising in the center of the cube or strip, which is 
associated with the presence of abnormal quantities of reducing sugars; 
and the graying discoloration, Nelson and Dawson (1944), which is pre- 
sumably attributable to the action of potato oxidases and molecular oxygen 
on substrates contained within the potato cell (tyrosine, dihydroxyphen- 
yl alanine, etc.) leading to the formation of various pinkish or reddish 
intermediaries and finally to the formation of black-potato melanin. The 
reaction does not occur within the intact cell but is initiated by peeling, 
cutting, freezing, bacterial infection, or other damage. 

In the dehydration process the cut dice or slices are blanched by 
boiling water or steam to destroy enzymatic activity prior to their dehy- 
dration in the air tunnel. In ‘"satisfactory” potatoes, pinking is slow so 
that no significant discoloration occurs before the enzymatic discoloration 
is halted in the blanch. Certain potatoes, however, exhibit abnormal pink- 
ing resulting in appreciable discoloration in the finished product, Ross, 
Hilborn, and Jenness (1945). Blanching greatly improves the quality of 
dehydrated vegetables, according to Cruess (1943). Excessive blanching, 
however, is destructive of quality, Campbell, Lineweaver, and Morris 
(1945), so that a precise control of the blanching procedure is of consider- 
able importance. 

To test the completeness of blanching, various methods have been em- 
ployed, Proctor (1942), for testing residual enzymatic activity involving 
the application of indicators susceptible to enzymatic oxidation on the cut 
surface of the potato slice or die (e.g., guaiacol benzidine or gum guaiac 
for peroxidase ; catechol and p-cresol for oxidase). 

A mere examination of the surface, however, may not yield a true 
picture of the discoloration tendency of the entire die because the inner 
parts of the dice may differ from the cut surfaces. 

In the following method the enzymatic discoloration tendency of pota- 
toes is determined by the degree of coloration formed by the interaction 

^ The subject matter of this paper was undertaken in co-operation with the Quarter- 
master Corps Committee on Food Research. 
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of potato oxidase and potato substrate in macerated potato tissue under 
standard conditions without the addition of external indicator. 

EXPERIMENTAL PROCEDURE 

In general, the method is based upon the colorimetric measurement of 
the depth of color of potato juices when obtained in a uniform manner. 
Such measurement can then be related to any set of conditions to which the 
potatoes may have been subjected prior to preparing the juice from them. 
In the preparation of a juice suitable for colorimetric tests several pre- 
cautions have to be taken to insure reproducibility. It is important to 
maintain the time intervals between the steps of the procedure constant 
since the extent of discoloration of the juice depends on the length of 
exposure to air. In order to be truly representative of the enzymatic 
activity of the entire potato, the material has to be finely macerated. The 
juice should be brilliantly clear. 

Potatoes were washed, peeled under running tap water with a plastic 
knife, and all blemishes removed. Whenever several potatoes were used 
in one experiment, they were covered with distilled water [20°C.(68°P.) ] 
immediately after peeling so as to avoid discoloration of the peeled surface. 

The peeled iiotato was put through a metal dicer longitudinally and the 
resulting strips then diced crosswise giving uniform dice of one cubic centi- 
meter. The dice were covered with distilled water (20° C.) until used. 

Maceration of 100 gm. of dice was carried out in a Waring blendor 
(one-quart capacity) with an equal weight of distilled water (20°C.) plus 
five c.c. of pancreatic extract.^ Use of the pancreatic enzyme facilitated 
subsequent filtration and improved the clarity of the juice. Blending was 
continued for three minutes. (Longer blending time is inadvisable since 
the mash discolors rapidly during this procedure unless carried out in an 
atmosphere of nitrogen.) To cut down the foaming during maceration, a 
few drops of caprylic alcohol, ethyl acetate mixture (1:1), were added. 

Samples of the mash were weighed into Erlenmeyer flasks, stoppered, 
and shaken in a constant temperature water bath at 38°C.(100.4°P.), 114 
oscillations per minute, 3.2 cm. horizontal stroke, for one-half hour. 

At the end of the shaking period one gram of Filter Cel was added per 
200 gm. of mash, and the mixture was then filtered by suction through a 
Filter Cel cake and Whatman filter paper No. 5 into test tubes containing 
Nujol, which prevents further contact with the air. The contents of all 
the tubes of one sample were pooled under Nujol and filtered by gravity 
through Whatman filter paper No. 5 into Klett tubes containing Nujol. 
The resulting filtrate was absolutely clear. For any given experiment the 
period of time between the removal of samples from the shaker and the 
reading of the colorimeter was kept constant. 

A Klett-Summerson colorimeter with 420 m/i filter was employed to 
determine density of the sample filtrates. Distilled water was used as the* 
control. 


* The extract was prepared by grinding 10 grams of dried pancreas with 100 c.c. of 
glycerol, mixing it with 100 c.c. of water, centrifuging, iind filtering by suction through 
a Filter Cel cake and Whatman filter paper No. 5. 
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EXPERIMENTAL RESULTS 

Reproducibility of Results With Samples of a Given Batch of Potatoes: 
To establish the constancy of extent of coloration on potato juice following 
the procedure of the direct colorimetric method, five 100-gm. samples of 
dice from a batch of well-mixed potatoes were employed. Each sample 
was treated individually, care being taken to maintain comparable time 
intervals between each step of the procedure for all the samples (Table 1). 


TABLE 1 

Extent of Coloration in Batch of Mixed Potatoes Determined ColorimetricaUy 


Sample 

No. 

|Q9| 

Shake 

Suction 

filter 

Gravity 

filter 

rolorimeter 

Deviation 


Reading 

Actual 

Per cent 

1 

10:31 

10:35 

11:05 

11:08 

11:10 

380 

—12 

—3.6 

2 

10:41 

10:45 

11:15 

11:18 

11:20 

410 

18 

4.6 

3 

10:51 

10:55 

11:25 

11:28 

11:30 

393 

1 

0.25 

4 

11:01 

11:05 

11:35 

11:38 

11:40 

400 

8 

2.0 

5 

11:11 

11:15 

11:45 

11:48 

11:50 

375 

—18 

—4.6 


The data show that application of the direct method described for deter- 
mination of the coloration capacity of a given potato sample assures 
results having an accuracy with a possible error of four to five per cent. 
Subsequent experience with the use of this procedure confirmed the repro- 
ducibility of results. 

Variation of Discoloration Activity Among Individual Potatoes as De- 
termined ColorimetricaUy: In the course of this investigation, potatoes of 
the same variety were found to differ in their tendency to become discol- 
ored. Further interest led to determining quantitatively these observed 
differences. Summarized data from 17 potatoes studied (Table 2) indicate 
that potatoes of a given batch can vary from one another in terms of their 
coloration capacity by as much as 100 per cent, but the majority of them 
fall in a similar range. Further, no correlation is observable between the 
initial weight of the intact potato and its measured coloration activity. 

Effects of Blanching Time on Discoloration of Potato Juice: To investi- 
gate the applicability of the direct colorimetric method to determination 
of length of time necessary for satisfactory blanchjng in terms of enzy- 
matic discoloration of the potato dice, the following experiment was set up. 

Dice were prepared from nine potatoes, well mixed, and 100-gm. sam- 
ples of the dice mixture were weighed out for each blanching period of 
0, 10, 20, 30, 40, 50, and 60 seconds. The dice of each sample were spread 
in a single layer on a net consisting of a double layer of cheesecloth 
stretched over a glass ring with detachable glass hooks as handles. The net 
with the dice was then immersed in a pan of boiling water about nine 
centimeters deep. At the end of the blanching period the dice were cooled 
on the net in a pan with running cold tap water for about 30 seconds and 
then subjected to the, treatment outlined in the direct colorimetric pro- 
cedure. A summary of the results is presented (Fig. 1). 

The juice prepared from dice samples blanched for 40 seconds and 
more does not show any significant color increase upon prolonged standing 
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at room temperature, whereas the juices from inadequately blanched dice 
do increase in color density. The direct colorimetric method apparently 
provides simple quantitative means of determining the extent of decrease 
through blanching of the enzymatic discoloration capacity of the potato 
(Fig. 1). Further, this method allows easy determination for any given 
batch of potatoes of the minimum blanching time required to inactivate 
the enzymes responsible for such discoloration. 



Fig. 1 


Having determined the response of a mixture of dice from nine potatoes 
to length of blanching time, the variation in such response that might exist 
between individual potatoes from a given batch was next investigated. As 
already shown (Table 2), individual potatoes do vary with respect to their 
initial discoloration potentialities. The course of enzyme inactivation with 
blanching time as well as the possible correlation between the initial dis- 
coloration capacity and the time required destroy it completely were 
indicated by the following experiment. 
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Six potatoes weighing 287 to 302 grams were selected. Five 40-gram 
samples of dice from each potato were subjected to 0, 20, 30, 40, 50, and 60 
seconds blanching at 95°C.(203°F.) according to the procedure given 
above. After the usual treatment the juices were extracted from the 
mashes and read in the colorimeter. 


TABLE 2 

Variations in Discoloration of Individual Potatoes 


Potato 

Weight 

Weight of 
sample 

Colorimeter 

reading 


gm. 

gm. 


1 

127 

50 

400 

2 

106 

50 

425 

3 

122 

50 

760 

4 

167 

50 

345 

n 

125 

50 

340 

6 

140 

50 

357 

7 

148 

100 

287 

8 

179 

100 

410 

9 

257 

100 

410 

10 

137 

100 

410 

11 

219 

100 

530 

12 

142 

100 

330 

13 

* 134 

100 

320 

14 

144 

100 

385 

15 

176 

100 

395 

16 

172 

100 

380 

17 

121 

100 

345 


Examination of the data (Fig. 2) supports the conclusion that while 
initial coloration capacities of the individual potatoes may vary, the course 
of the loss of this tendency with blanching is strikingly similar in all cases. 
Further, on the basis of the data obtained, no correlation between the 
initial activity of the potato, despite as much as 40 per cent variation, 
and the extent of its loss in relation to the length of blanching time can 
be safely drawn. It is evident also that regardless of the initial activity 
shown by the individual potato, a blanching period of 60 seconds at 95® C. 
suffices to inactivate completely the juices of all the . potatoes used in this 
experiment. 

Ascorbic Acid and Discoloration of Potato Juice: In a preliminary 
attempt to determine the possible effect that the concentration of ascorbic 
acid in a particular potato juice might have on the extent of coloration 
under the direct colorimetric method, samples were prepared of a potato 
mash to which were added different amounts of ascorbic acid prior to 
shaking. Colorimetric readings made on the extracted juice after one-half 
hour of agitation are summarized (Table 3). It is evident that the presence 
of ascorbic aqid, even in an aigount greater than 100 per cent increase over 
what is generally foui^d in potatoes, had no detectable effect upon the 
extent of discoloration of potato juice. 

Effect of Inhibitors on Stabilization of Color of Potato Juice: Since 
discoloration' of unblanched or insufficiently blanched potato juice is a 



SODIUM AZIDE INHIBITOR OF POTATO JUICE. 



‘89NiaV3tf uaisif^iuoioo 


BLANCHING TIME IN SECONDS 



50 


WALIiERSTEIN, BERGMANN, BYEB, ALBA, AND SCHADE 


continuous process which necessitates observation of exact time intervals 
in the readings of the various samples to obtain comparable data, the 
possibility of arresting color development through the use of suitable 
inhibitors was investigated. Concentrations of 0.1, 0.01, and 0.001 M of 
sodium sulfide, hydroxylanine sulfate, sodium hyposulfite, and sodium azide 
were added to samples of potato juice extracted from a mash prepared in 
the usual manned from five potatoes. After the initial reading the juices 
were kept at room temperature in Klett tubes sealed with Nujol and read 
at the successive intervals given (Fig. 3). Concentrations of 0.1 to 0.05 M 
sodium azide were satisfactory for maintaining the initial colorimeter val- 
ues for at least one-half hour without change. 


TABLE 3 

Effect of Ascorbic Acid Content of Potato Juice on Discoloration 


Mash 

Plus 

HsO 

Plus 0.2% 
ascorbic 
acid 

Ascorbic 

acid 

per 50 fcm. 
mash 

Half-hour 

colorimetric 

reading 

DeTiation 
from mean 

ffm. 

c.c. 

c.c. 

mg. 


pet. 

no 

n.o 

0.0 

0.0 

342 

0.0 

no 

n.o 

0.0 

0.0 

345 

0.7 

no 

3.75 ' 

1.25 

2.5 

335 

2.2 

no 

2.5 

2.5 

5.0 

34 S 

1.6 

no 

1.25 

3.75 

7.5 

350 

2.2 

no 

0.0 

5.0 

10.0 

335 

2.2 


Influence of Blanch-Waier Composition on Potato Enzyme Action as 
Determined by Direct Colorimetric Method: Using the direct colorimetric 
method, the influence of various agents in the blanching water upon the 
degree of oxidase action as determined by the amount of coloration of the 
juice was studied. 

The potato dice were washed in cold tap water in an appropriately 
sized beaker, leaving enough space for floating of the dice during washing, 
and were agitated by a strong water flow for 90 minutes. By this means, 
material in the cut cells was removed, and dice of constant coloration were 
obtained. These were kept in the ice box until the determination. 

The test dice were dipped into a flat pan containing four liters of water 
at 98®C.(208.4°F.) for 20 seconds, then dipped into cold water. Under 
these conditions the colorimeter reading of the potato was reduced some 
40 to 50 per cent as compared with the unblanched control. One hundred 
grams of the blanched potato were employed for preparation of this juice, 
this quantity being sufficient to avoid sampling errors. The reading was 
taken one hour after weighing of the sample. 

The blanching agents were added to the blanch water which was 
maintained at 98°C.(208.4°F.). This temperature rather than boiling was 
chosen to avoid temperature influences arising from the salt concentration. 
Tap water was employed for the blanching, but distilled water was used 
subsequently for the blending. 

The results cited were often carried out on different days with dif- 
ferent water-blanch control readings as measured on the Klett-Summerson 
photoelectric "feolorimeter. To facilitate comparisons the average of water- 
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blanched potatoes as measured each day was called 100, so that the values 
cited for the experimental blanchings represent the coloration as percent- 
ages of the control. For the same batch of potato dice the variation rarely 
exceeded three or four per cent from the average colorimeter reading. 

New Brunswisk, Canada No. 1 potatoes, Long Island, and Maine Green 
Mountain potatoes were used in these experiments. 

Typical results obtained by this method are shown (Figs. 4, 5, 6, and 7). 
The influence of different concentrations of sodium chloride up to 15 per 
cent is presented (Fig. 4). The effect of this blanching agent apparently 
seems to vary according to the variety of potato. 



The influence of three acidic substances, sulphuric and hydrochloric acid 
and sodium bisulphite, on the blanching water is shown (Fig. 5). The 
curve is plotted according to pH, since these three agents affect the colora- 
tion in proportion to their influence on the pH of the blanch water. The 
lowest color values are equal to those of completely blanched potatoes (after 
a 60-second blanch). 

The influence of two reducing agents, the bisulfite and the nitrite, the 
latter at pH 6, is shown (Fig. 6) ; the activity of the bisulfite is striking. 

Dextrose and an amino acid (glycine) liave no significant influence, 
according to Fig. 7. • 

A number of other salts have also been investigated, including various 
chlorides whose behavior in general resembled the chloride of sodium ; vari- 
ous sulphates having somewhat less influence : iron salts, which increased 
the coloration, or at low hydrogen concentrations showed less decrease 
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than anticipated at that pH; and alkaline salts, which increased the col- 
oration according to the expected influence of the pH. 



DISCI SSION 

The direct colorimetric method provides a ready quantitative means 
for evaluating the color changes in aerated potato juice. Laboratory equip- 
ment, such as a blender, a shaker, and a colorimeter, is required. The 
latter, however, might for practical work be replaced by a set of standard 
colors. 

Since a 50- to 60-second water blancli is sufficient to inhibit coloration, 
under the conditions investigated, it may be possible to reduce the blanch^ # 
ing time to appreciably less than the conventional period now employed. 

SUMMARY 

The enzymatic discoloration tendency of white potatoes (the so-called 
''pinking’’ or “graying”) may be quantitatively evaluated by determining 
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the intensity of color formed in clarified maceration juice under standard 
conditions. 

Wide variations in discoloration tendencies occui* among the same batch 
of potatoes. 

The juice coloration, which continues to increase on standing, may be 
stabilized for at least a half hour in a concentration of 0.1 to 0.05 M 
sodium azide. 

The color formed is in inverse relation to the blanching time, all color 
formation being halted after a 50- to 60-second blanch in boiling water. 

The direct colorimetric method may be employed to determine the in- 
fluences of various agents in the blanching water. 

The presence of acid and sulfite greatly increased the speed of enzyme 
inactivation by the blanch. Nitrite and various chlorides, particularly the 
chloride of sodium, also speeded blanching efficiency; sulfates were some- 
what favorable; sugars and amino acids were indifferent; and iron and 
alkali salts were unfavorable. 
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Numerous investigations on fish spoilage have been carried out in 
recent years. This problem has been attacked from a bacteriological as 
well as a chemical point of view. Owing to the diversity of methods used 
and the variety of fish employed, correlation of results is often difScult. 
Considering the different aspects of the problem of fish spoilage much 
research has yet to be done before a firm scientific foundation can be 
established. 

In a previous paper Aschehoug and Vesterhus (1943) reported their 
results of an investigation on the bacterial flora of fresh winter herring. 
This investigation represented the first phase of a more extensive study of 
the bacterial flora of winter herring during storage. 

Problems concerning the keeping quality of herring are of particular 
interest in Norway owing to the great economic importance of the winter 
herring fisheries in that country. During a short season, covering the 
first months of the year, these fisheries represent an average catch of 
about 370,000 tons of herring. A great part of the fish is exported iced 
and salted ; a small portion is used in the canning industry for the packing 
of kippered herrings; while the bulk of the catch is used as raw material 
for the manufacture of herring oil and herring meal. 

LITERATURE REVIEW 

Hunter (1920a, 1920b, 1922) studied the decomposition of salmon from 
a bacteriological viewpoint. For this purpose total counts of bacteria were 
determined and the types of organisms present in decomposing fish were 
studied. He reported a total count of 155 million per gram in the muscular 
tissue of salmon after 96 hours at temperatures between 10 and 21®C. 
(50 and GO.S'^F.). His investigation covered a special study of the organ- 
isms responsible for ‘‘foul” odors or indol in fish infusions. According 
to his results bacteria responsible for the decomposition of salmon have 
their natural habitat in sea water. No sporeforming bacteria were 
encountered. 

Fellers (1926) likewise investigated the bacteria concerned in the 
spoilage of raw salmon. According to his view spoilage was apparently 
not due to anaerobic bacteria which were present in small numbers. The 
penetration of bacteria into the fish was dependent upon such factors as 
size of the fish, methods of handling, and temperature of storage. Of the 
organisms isolated, aerobic nonsporeforming bacteria represented 36.5 per 
cent, cocci 31 per cent, most of the rest being aierobic, asporogenic, chro- 
mogenic bacilli. 
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Sanborn (1930), studying marine bacteria and their relationship to the 
decomposition of fish, examined particularly the proteolytic power of cer- 
tain types belonging to the following genera : Micrococcus, Flavohacterium, 
and Achromohacter, According to his findings marine bacteria are con- 
sistently present on and in fresh fish as well as in smoked and iced fish. 
These organisms are often psychrophilic and possess proteolytic properties. 

Stewart (1934) examined the bacterial flora of different species of 
market fish, which were seven to eight days old, and reported that the 
same flora was represented in the slime of the stored fish as isolated from 
fresh fish. Of the organisms studied the greatest number belonged to the 
genus Achromohacter. The remaining were Flavohacterium, Micrococcus, 
and Pseudomonas. A probable agent in decomposition was Achromohacter 
pellvcidum, which occurred with a high degree of frequency and possessed 
marked proteolytic properties. 

Griffiths and Stansby (1934) tried to correlate chemical tests and bac- 
terial counts with the degree of freshness of market haddock. They found 
that counts of about one million bacteria per gram indicated that the fish 
were stale and no longer in a marketable condition. Fish fillets, on account 
of their greater initial contamination, spoiled more rapidly. 

Kayser (1937) examined the bacterial flora of marked fish, and also 
included in his studies organisms present in fish kept at different tempera- 
tures for various lengths of time. According to his findings gram-negative 
rods, later proved by Schonberg (1937) to belong to the pbotobaeteria, 
were demonstrated with a high degree of consistency. 

As a result of studies concerning fish spoilage Schonberg (1938) states, 
in accordance with other investigators, that autolysis is negligible in 
comparison with spoilage by bacteria. He calls attention to the constant 
presence of luminous bacteria, especially Bacterium phosphor escens, on 
marine fish and maintains that these organisms are of no importance 
during subsequent spoilage of the fish. According to his view Pseudomonas 
fluor escens liquefaciens and members of the genus Flavohacterium are the 
most important spoilage agents on account of their proteolytic properties 
and their ability to grow at low temperatures. 

For the purpose of investigating the distribution of bacteria in fresh 
and stored fish Liicke and Frercks (1940) examined numerous muscle 
samples excised from cod and made bacterial counts from different sections 
of the fish. According to their findings the highest counts were always 
obtained right under the skin in samples from fresh fish as well as fish in 
decomposition. The infection does not take place via the blood but by 
penetration of bacteria through the skin into the flesh. 

Tarr (1939) studies fish spoilage from a chemical and bacteriological 
point of view. Being especially interested in the bacterial reduction of 
trimethylainine oxide, he examined for this purpose 30 different micro- 
organisms which were Achromohacter, Flavohacterium, Micrococcus, and 
yeast, all isolated from spoiling fish in various stages of decomposition. Of 
these cultures only three were able to reduce trimethylamine oxide, a result 
which indicates that the use of trimethylamine determination alone as a 
criterion of freshhess of fish must be considered with particular caution. 
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Watson (1939) likewise was interested in the trimethylamine oxide- 
reducing bacteria, and studied for this purpose chiefly members of the 
genus Achromobacter which, according to his findings, is chiefly responsible 
for the spoilage of cod muscle at low temperatures. Some 200 species of 
facultative anaerobes were studied in cod muscle press juice, besides aerobic 
types belonging to the genera Flavobactcrium and Achromobacter, He 
concludes that the reduction of trimethylamine oxide is not a function 
of the bacterial population since only certain types of bacteria are capable 
of reducing trimethylamine oxide. lie also found that obligate anaerobes 
are of no importance in the initial stages of fish spoilage. ' 

Literature concerning chemical and bacteriological changes in fish 
muscle during storage is well reviewed by Notevarp, Hjorth-Hansen, and 
Karlsen (1942) and Hjorth-Hansen (1943). These investigators concerned 
themselves chiefly with the chemical side of these problems. 

Kimata (1942) made microbiological studies on the spoilage of ‘^semi- 
dried fishes,^’ examining 181 cultures isolated from fish in decomposition. 
The organisms were, according to frequency of occurrence, Micrococcus, 
nonsporeforming, and sporeforming rods. The nonsporeforming organisms 
belonged to the genera Achromohacier, Flavoha^terium, and Pseudomonas. 
The spoilage of the “semi-dried fishes “ is attributed chiefly to the action 
of cocci and nonmotile rods, thus being different from the spoilage of fresh 
fish which is principally acted on by the nonsporeforming, motile, water 
bacteria belonging to Pseudomonas, Achromobacter , and Flavobacteriuni. 

Thjotta and Scimme (1942) made an extensive bacteriological examina- 
tion of 19 species of fish including sea fish as well as fresh-water fish taken 
from different localities in Norway. In all 379 bacterial strains from the 
skin, gills, and intestines of freshly captured fish w^ere classified according 
to Bergey (1939) and represented seven families and 16 genera. 

Aschehoug and Vesterhus (1943) made a study of the normal bacterial 
flora of freshly caught winter herring for the purpose of examining the 
distribution of the initial flora of the fish. This investigation, being the 
first phase of an extensive study of the bacterial flora of the same fish dur- 
ing storage, was carried out during two winter fishing seasons in order to 
obtain an average of the normal bacterial flora of fresh fish. According 
to their findings the fish flesh is sterile. Prom the slime, gills, and intestines 
272 organisms were isolated, and their characteristics were studied in detail. 
There was no special qualitative difference in the flora from the various 
sources. The following five genera were represented in the slime and gills : 
Pseudomonas, Achromobacter, Flavobactcrium, Micrococcus, and Proteus. 
In the intestines only three of the mentioned genera, Achromobacter, 
Pseudomonas, and Micrococcus, were demonstrated. Of potential impor- 
tance for the keeping quality of the fish was the demonstration of different 
strains of Achromobacter and Flavobactcrium possessing strong proteolytic 
properties. 

As for the occurrence of strict anaerobes, this question w^as also invest- 
gated and gave a negative result, which goes to prove that organisms of 
this type do not represent the normal initial flora of freshly caught winter 
herring. 
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EXPERIMENTAL PROCEDURE 

The purpose of the present investigation was, as outlined in a preceding 
paper (1943), to continue the first study of the bacterial fiora of fresh 
winter herring by making a systematic study of the bacteria present during 
storage of the fish under known conditions. Having an intimate knowledge 
of the previous history of the fish and of the distribution and kind of 
bacteria originally present, it was intended to follow the different stages 
of the spoilage process by establishing the types and characteristics of the 
organisms responsible for decomposition of the fish and comparing them 
with the initial fiora. Of special interest was an examination of the tri- 
raethylamine oxide-reducing power of the isolated strains. 

The investigation also included attempts to isolate strict sporeforming 
anaerobes from spoiled fish, a question of considerable importance to the 
sterilization problem in the canning industry owing to the highly heat- 
resistant spores belonging to these groups of organisms. 

Collection and Storage of Samples: The raw material used for the 
present investigation was collected during the winter herring fisheries 
by the writers while at the fishing grounds. As it was intended to get a 
cross section of the normal bacterial fiora of the fish, the investigation was 
extended to a period of two years, thus covering two fishing seasons. The 
fish caught in the beginning of March on the west coast of Norway were 
in the spawning period and represented an average quality of those used 
in the canning industry, having a fat content of eight to 10 per cent. The 
catches, including four lots of fish, were taken on three fishing banks. The 
live fish were sampled as they came from the nets and transported imme- 
diately to the laboratory in lots of about 44 pounds (20 kg.) in well- 
covered wooden cases, one lot being transported in live condition in barrels 
with fresh sea water. As described in the previous paper, the same lots 
of fish were used for examination of the initial bacterial fiora in the slime, 
gills, and intestines of the fish as for a study of organisms present in the 
fish during subsequent storage. 

The fish were stored outdoors, in uncovered, wooden cases, the two first 
lots at about 1°C.(33.8°F.), the others at somewhat higher temperature, 
varying from 1 to 8° G. (33.8 to 46.4°F.). According to usual canning 
practice, herring used in the industry is stored either aboard the fishing 
boats or in the factories, the temperature varying from 0 to 10®C.(32 to 
50°F.) depending upon weather conditions. 

The decomposition of the four lots occurred very slowly, no advanced 
spoilage being noticed even after 11 days^ storage. It was therefore judged 
necessary to supplement the investigation with a study of bacteria from 
herring taken from the industry and stored under usual industrial con- 
ditions. For this purpose two lots of fish (No. 5 and 6) were stored out- 
doors in a herring-meal plant, lot No. 5 in wooden cases and lot No. 6 
parallel in bulk for nine days at about 2°C.(35.6®F.). In these lots the 
trimethylamine oxide reduction was followed by regular analyses per- 
formed simultaneously with< the bacteriological examinations. 

Determination of Viable Bacteria in Herring During Storage: During 
storage of fish, bacteria will penetrate from the slime through the skin 
into the fish flesh hnd from the gills via the blood into the blood channels. 
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As a means of measuring the bacterial invasion the procedure usually 
adopted is to remove aseptically muscle samples right under the skin for 
bacterial counts, the same area of muscle in each fish being sampled. It is 
presumed that the changes occurring in a lot of fish during storage will 
proceed with approximately the same rate when the origin of the fish is 
the same and the fish are stored under ‘the same conditions for the same 
length of time. 

In order to reduce the error owing to individual variation in the bac- 
terial number of the fish, an average sample from five fish was used for 
each examination. This procedure would secure a certain margin of safety 
according to results from a previous study with six different lots of 
herring including 24 individual fish. 

The following technique was adopted for sampling of the fish. In order 
to remove muscle samples as aseptically as possible the surface of the fish 
was first (fieansed with absorbent cotton, moistened with alcohol to remove 
slime and scales, and afterwards flamed. Under aseptic conditions samples 
of about 10 gm. of muscle were excised with a sterile scalpel from each 
fish after the skin had been removed with sterile forceps. The muscle 
samples were taken from the right and left dorsal side of the fish after 
removal of the surface layer and transferred to a sterile Petri dish. With 
sterile scissors the fish flesh was clipped finely and was thoroughly mixed, 
after which about five-gm. samples were transferred to sterile flasks with 
95 ml. of physiological salt solution. A maceration of the tissue and 
thorough distribution of the bacteria were facilitated by the use of glass 
beads in the flasks. An aliquot part of the suspension was, after suitable 
dilution depending upon the presumed bacterial count, transferred to the 
different media for counting in Petri dishes and Burri tubes according to 
the standard methods for determination of viable bacterial counts of 
aerobic as well as anaerobic organisms. 

After preliminary experiments concerning the most suitable media for 
the development of bacteria from fish, ordinary plain nutrient agar and 
gelatin were used, besides fish agar and gelatin, the fish media offering no 
special advantage except for the study of luminous bacteria, where an 
extract of soft herring roe added to ordinary nutrient broth greatly 
favored the development of, e.g.. Pseudomonas phosphor escens. 

The NaCl concentration of the media was 2.5 per cent. 

At the outset counts were made both at 37 and 22® C. (98.6 and 71.6®F.). 
As it was found that the predominant types of fish bacteria usually failed 
to develop and multiply at the higher temperature, determinations of the 
37® C. counts were discontinued. Duplicate plates and tubes were in all 
cases used, and yielded counts that checked each other rather closely. 

As for the search of obligate anaerobes about one-gm. samples of the 
minced fish muscle were transferred directly into cooked meat medium 
and liver medium, the tubes being kept at 37 and 22® C. in Zeissler^s 
vacuum jars to secure complete anaerobiosis. 

The results of the determination of viable bacterial counts at 22® C. are 
summarized (Tables 1 to 6), including results of the organoleptic examina- 
tion of the fish. A possible correlation between the bacterial count and 
the stage of spoilage was the main purpose. 
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TABLE 1 

Bacteria in Winter Herring^ Lot J, Stored at l"' C,(33.S'* F .} 


StoraKe 

Organoleptic 

examination 

Average bacterial count per gram at 
22“C.(71.6‘’F.) 

oi nKii 

of flah 

Aerobes 

Annerobea 

dajftt 

0 

* Normal 

8 

0 

o 

Normal 

73 

700 

3 

Normal 

150 

400 

4 

Normal 

1,000 

100 

5 

Strong, fishy odor 

1,000 

100 

7 

Strong, fishy odor 

805 

100 

10 

Strong, fishy odor 

7,600 

100 

11 

Strong, fishy odor 

277,500 


12 

Strong, fishy odor 

177,500 



TABLE 2 

Bacteria in Winter Herring^ Lot 5, Stored at J'"C.(33.S''F.) 


Storage 
of fish 

< Organoleptic 
examination 

Average bacterial count i)er gram 
at 22“C\(71.r)'F.) 

of fish 

Aerobes 

Ariue'obcs 

dnya 

0 

Normal 

8 

0 

1 

Normal 

150 

200 

2 

Normal 

100 

100 

3 

Normal 

1,000 

100 

4 

Strong, fishy odor 

1,000 

100 

6 

Strong, fishy odor 

37,250 

2,500 

0 

Strong, fishy odor 

2,250 

700 

10 

Strong, fishy odor 

127,500 


11 

Strong, fishy odor 

1,550,000 



TABLE a 

Bacteria in Winter Herring, Lot 3, Stored at Temperatures Varying From 
1 to S°C.(33.S to 46.4°F.) 


Storage 
of fish 

Organoleptic 

examination 

Average bacterial count per gram at 
22‘*C.(71.6‘’F.) 

of fiffh 

Aerobes 

Anaerobes 

daps 

0 

Normal 

21 


2 

Normal 

350 

0 

3 

Normal 

11,820 

100 

5 

Normal 

140,200 

1,000 

6 

Stale odor 

788,400 



TABLE 4 

Bacteria in B'inter Herring^ Lot 4y Stored at Temperatures Varying From 
1 to S"C.(33,S to 46A''F,) 


Storage 
of fish 

Organoleptic 

examination 

Average bacterial count per gram at 
22‘’C.(71.6*F.) 

of fish 

1 Aerobes | 

Anaerobes 

days 


* 




0 


Normal 

0 


0 

2 


Normal 

5 


3 

4 

N 

Normal 

6,000 


500 

6 


Stale odor 

100,000 


1,200 
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TABLE 5 


Bacteria in Winter Herring, Lot 5, Stored at 2°C.(35,6''F») 


Storage 
of fish 

Organoleptic 

examination 

Trimethylamine 
oxide- N 

Average bacterial count per gram at 
22*C.(71.6®F.) 

of fish 

Aerobes 

Anaerobes 

days 

o 

Normal 

mg./lOO gm. 

55 

3,000 

160 

4 

Strong, fishy odor 


27,200 

75 

() 

Stale odor 

24 

204,000 

15,500 

9 

Putrid 

4 • 

18,870,000 

166,700 

11 

Putrid 

0 

7,625,000 

1,007,500 


TABLE 6 

Bacteria in Winter Herring, Lot 6, Stored at 2°C.(35,6°F.) 


Storage 
of fish 

Organoleptic 

examination 

Trimethylamine 

oxide-N 

Average bacterial count per gram at 
22“a(71.6®F.) 

of fish 

Aerobes 

Anaerobes 

day» 

2 

Normal 

mg./ 100 gm. 

55 

3,000 

160 

6 

Stale odor 

29 

520,000 

72,500 

9 

Putrid 

2 

20,900,000 

575,000 

11 

Putrid 

0 

10,950,000 

2,025,000 


The bacterial counts remained very low during the experimental period 
(Tables 1 and 2), the storage temperature being 1°C. Only after 11 days 
was a proliferation of bacteria perceptible, but no signs of advanced spoil- 
age were noticed. In the two next lots, stored at temperatures varying 
from 1 to 8°C., the increase in bacterial counts was more pronounced, but 
even here relatively low values of bacterial numbers were obtained. Quite 
a diflPerent result is expressed (Tables 5 and 6), including the two lots 
stored under regular industrial conditions. Here advanced spoilage oc- 
curred after six days at 2°C., the fish having a stale odor and showing 
other signs of decomposition. It is of interest to note that at this time the 
trimethylamine oxide was reduced to about half of that originally found. 

As for the presence of obligate anaerobes all the tubes of deep meat 
medium and liver medium, inoculated with samples of fish muscle from 
fish withdrawn at regular intervals during the storage period simultane- 
ously with the determination of bacterial counts, remained sterile. This 
result is of interest as obligate anaerobes are the organisms possessing the 
most heat-resistant spores and are consequently of importance as contami- 
nants during the processing of fish in the canning industry. 

The role of the intestines as sources of infection during spoilage of fish 
has been investigated by many workers. Prom the literature it is apparent 
that the number and kind of bacteria present in the intestines of freshly 
caught fish show great variations. According to earlier investigation of 
Aschehoug and Vesterhus (1943) the bacterial flora in the intestines of 
fresh herring included three of the genera demonstrated in the slime and 
gills of the fish, Achromdhacierf Pseudomonas, and Micrococcus. 

It was also of considerable interest to evaluate the bacterial number 
in the intestinal tract of fresh herring and in fish undergoing decomposi- 
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tion. For this purpose the stomach and intestines were removed asep- 
tically, clipped in sterile Petri dishes, and samples of about three gm. 
from each fish were transferred to flasks with sterile physiological salt 
solution for shaking, subsequent plating, and transferring in Burri tubes. 


TABLE 7 

Bacteria in Intestines of Fresh Herring 


Lot Ko. 

Sample 

Average bacterial count per 
gram at22“C.(71.6‘’F.) 

Aerobes 

Anaerobes 

Lot 1, including; 31 fish 

Stomach 

Intestines 

4,300 

9,200 

160 

1,900 

Lot 2, including 17 fish 

Intestinal tract 

3,300 

350 

Lot 3, including 10 fish 

i Intestinal tract 

16,800 

15 


The average bacterial counts of the intestines of 58 individual fish, 
of which 31 were examined for bacterial number of both stomach and 
intestines, are shown (Table 7) ; results of bacterial counts of the intestines 
of spoiled herring are given (Table 8). 


TABLE 8 

Bacteria in Intestines of Spoiled Herring 


Lot No. 

Average bacterial count per 
gram at 22®0.(71.6*P.) 

1 Aerobes 

Anaerobes 

Lot 1, including 6 fish 

13,500.000 

61.000 


It is apparent from the data that the bacterial number in intestines 
of fresh herring is exposed to some variation. In spoiled herring a very 
marked increase in the bacterial number is noticeable. 

In experiments with herring, air-dried outdoors on galvanized screen, 
a very marked increase in the bacterial number during the dehydration 
period was demonstrated, not only in the muscle but also in the intestines 
of the fish (Table 9). This way of preserving herring to be used as feed 
for silver foxes is customary in Norway. 


TABLE 9 

Bacteria in Aisr-Dried Herring During Dehydration 


Storage 
of fish 

Triraethyl- 

amine 

Sample 

Average bacterial count per 
gram at 22®0.(71.6*F.) 

oxide- N 

Aerobes 

Anaerobes 

days 

3 

/lOO gm, 

29 ' 

Muscle 

90,000 

6,000 

18 

0 

\ 

Muscle 

Intestines 

12,700,000 

1,000,000 
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EXAMINATION OP BACTERIAL PLORA PROM STORED 
WINTER HERRING 

A systematic classification of bacteria present in the different lots of 
fish during storage was made after isolation of the most typical colonies 
present on the agar and gelatin plates used for bacterial counts. The main 
purpose was to obtain a cross section of the bacterial flora from the dif- 
ferent stages of decomposition of the fish. It was of interest to establish 
whether a definite succession of bacteria was present during the storage 
period, and if this was the case, to find a possible correspondence between 
the stage of spoilage and the dominant organisms demonstrated. 

For the purpose of classification the most characteristic colonies present 
on the plates were isolated and purified by several transfers from solid 
to liquid media, ordinary nutrient broth and plain nutrient agar with 
2.5 per cent NaCl being used. When pure cultures were obtained, their 
morphological characteristics as well as motility in broth were examined 
and recorded. Other characteristic features necessary for identification 
purposes were established by the use of differential media, litmus milk, 
potato, gelatin, etc., and the ability to ferment carbohydrates was tried 
out in glucose, sucrose, maltose, lactose, and mannitol. Indol production 
was tested in tryptone broth and nitrate reduction in nitrate broth. Other 
physiological characteristics, such as chromogenesis and temperature rela- 
tions, were likewise tested. As a rule the cultures were held at 22°C., which, 
according to our earlier investigations and in agreement with other workers 
on fish bacteriology, is the most favorable temperature for growth of most 
bacteria from fish. 

For identification of the various organisms thus examined Bergey’s 
‘^Manual of Determinative Bacteriology’’ (1939) was used, but, as already 
experienced during previous studies on the bacterial flora of fresh winter 
herring (1943), a classification according to his manual was very difficult, 
exact identification of the species found often being impossible owing to 
inadequate descriptions or lack of correspondence in minor details. In 
order to avoid confusion Bergey’s Manual” has been followed as closely 
as possible, and the organisms have been grouped in species related to 
the nearest ones found. For the sake of clarity and in order to facilitate 
the comparison of the organisms demonstrated in stored winter herring 
with those already found originally in the same fish when quite fresh, as 
described in our previous investigation (1943), the same numbers in the 
various tables have been retained. 

Results of Examination: From the different lots of stored winter her- 
ring 400 cultures were isolated and classified. A percentage record of the 
organisms obtained from the different dates showed that no definite suc- 
cession of ^oups of bacteria could be established, nor could any qualitative 
difference in the bacterial flora from the different lots be demonstrate^.^ 
The prevalence of the genus Achromoiacter from every sample of fish was* 
marked. , The following genera named according to the frequency of occur- 
rence were represented: Achromohacter, Pseudomonas, Flavohacterium, 
and Micrococcus, The generic percentages of the total isolated strains were 
Achromohacter 58.5, Pseudomonas 33.7, Flavobacterium 7.0, and Micro- 
coccus 0.8. 
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X.. 12 1 

Rods, small, short, 
occurring singly. 

-f 

Bluish-white, trans- 
lucent, small, circu- 
lar, raised. 

No liquefaction. 

Turbid with ring. 

Slow reduction. 

Good growth, 
grayish-white. 

-f 

4- 

+ 

4- 

4 

Aerobic, facultative. 

4 

6 

Rods, small, short, 
often in chains. 

Gram variable. 

Slightly rose colored, 
raised, opaque, 
glistening. 

No liquefaction. 

Turbid, pellicle. 

No change. 

Good growth, rose- 
colored. 

Aerobic. 

2 

o 

d 

Vr 

Rods, short, slender, 
occurring singly. 

Grayish, becoming 
darker, smooth, 
raised. 

No liquefaction. 

Turbid with ring. 

No change. 

No growth. 

4*^ 

Aerobic. 

69 

o> 

d 

Rods slender, medium 
size, occurring singly 
and in chains. 

Whitish-gray, raised, 
smooth, opaque. 

Liquefaction, 

stratiform. 

Turbid. 

No change. 

Luxuriant growth, 
rugose. 

Aerobic. 

5 ; 

00 

d 

Rods, short, stout, 
varying in size, 
occurring singly. 

Grayish-white, 
opaque, smooth, 
becoming darker. 

Liquefaction, 

stratiform. 

Turbid. 

Reduced. Faintly 
acid. 

Good growth, dirty- 
white, moist, viscid. 

4- 

Aerobic, facultative. 

15 

Details and media 

Morphology 

Gram stain 

Motility 

Agar colonies 

Gelatin stab 

Broth 

Litmus milk 

Potato 

Indol 

Nitrate 

Glucose 

Sucrose 

Maltose 

Lactose 

Mannitol 

Relation to oxygen 

Number of cultures.... 

Related to 


* Seven strains positive. * Five strains negative. * Ten strains positive. * Three sti*ains positive. * Twenty-nine strains negative. * Three strains negative. ^ Three strains posiJve. 
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The most frequently occurring genus was Achromob<icter, which in- 
cluded 234 strains. For the classification of this genus the system of 
Bergey proved to be very inadequate. The isolated strains were therefore 
grouped in species related*’ to those of Bergey, when the main character- 
istics corresponded. Several organisms could be classified only in groups 
and no names were given. The numerically most important groups were 
No. 2 and 10, including each about 30 per cent of the total number of 
Achromobacter identified. The organisms in Group 2 exhibited a very 
characteristic growth on agar, having grayish, drop-like, translucent col- 
onies. They showed a slow but marked liquefaction in gelatin stabs and 
may consequently be of importance as a spoilage agent in fish owing to 
their proteolytic properties. These organisms were very similar to the 
species Achromobacter liquefa^ciens described by Bergey. Some variations 
in the growth on potato as well as in glucose and maltose made a subdivi- 
sion into three groups (a, b, and c) necessary. It is of interest to note that 
the same organisms, related to Achromobacter liquefaciens, had already 
been demonstrated in relatively great numbers in the slime of the same 
herring while fresh. 

The other numerically important group of Achromobacter, No. 10, could 
not be classified according to Bergey. These organisms were indifferent to 
carbohydrates and negative in respect to proteolytic power. They may 
possibly be of no importance as a spoilage agent in decomposing fish. 
About half of the isolated strains reduced nitrates. This species had not 
been met with in fresh herring. 

Numerically important also was Group 1, including organisms which 
had already been demonstrated in fresh fish. Macroscopically these bac- 
teria resembled those in Group 2, having the same typical drop-like appear- 
ance. They did, however, not liquefy gelatin. A characteristic feature was 
their ability to make the broth viscid. Except for growth on potato the 
main characteristics corresponded with that of Achromobacter guttatum. 

Three other groups of Achromobacter, No. 5, 8, and 6, ordered according 
to frequency of occurrence, were numerically of importance. Group 5 had 
already been demonstrated in relatively great numbers in fresh herring. 
The organisms were short, nonmotile rods. They showed a characteristic 
rugose growth on potato and did not possess proteolytic properties. An 
identification of this species with any of those in Bergey was not possible. 
Nor could the organisms grouped in No. 8 be classified according to his 
system. This species possessed proteolytic properties. A characteristic 
growth on agar of grayish-white colonies, becoming darker, was noticed 
as well as a dirty-white growth on potato and a reduction of litmus milk. 
This species had already been demonstrated from the slime of the fresh 
fish. As for Group 6 the cultural and physiological characteristics of the 
organisms classified in this group were almost identical with those of 
Achromobacter butyri. The negative growth on potato of our strains did 
not correspond, however, with the description of Bergey, nor did the 
positive test on nitrate reduction. 

The rest of the groups were numerically less significant. Group 13, not 
previously demonstrated in fresh herring, could not be classified according 
to Bergey. Organisms belonging to this group were motile, short rods 
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TABLE 11 

Pseudomonaa Groups 


Details and media 

No. 1' 

No. 2 

No. 8 

Morphology 

Coccobacilli to short, 
thick rods, occur* 
ring singly and in 
pairs. 

Rods, medium size, 
occurring singly and 
in pairs. 

Rods, short, occurring 
singly. 

Gram stain 



-5- 

Motility 

-i- 

+ 


Agar colonies 

Translucent with blu- 
ish shine, becoming 
dark opaque, small, 
moist, smooth. 

Grayish, circular, 
glistening ; medium 
turning green. 

Bluish-white, small, 
circular, raised. 

Gelatin stab 

No liquefaction. 

Infundibuliform 
liquefaction, 
greenish coloration. 

No liquefaction. 

Broth 

Turbid, thin pellicle. 

Turbid, pelUcle. 

Turbid with ring. 

Litmus milk 

No change. 

Alkaline. 

Reduced. 

Potato 

No growth. 

Yellow-brown growth. 

No growth. 

Indol 

a b 

-5- 


Nitrate 

4* - 


-- 

HaS 

-i- 


-f- 

Glucose 


-f 

+ 

Sucrose 

-r- -5- 


4- 

Maltose 

-f- "i 

-f- 

-f 

Lactose 

-f- -r 

-f- 

-T- 

Mannitol 

-f- 


+ 

Relation to oxygen.... 

A er obic, A erobic, 
faculta- faculta- 
tive tive 

Aerobic. 

Aerobic, facultative. 

Number of cultures... 

85 44 

4 

2 

Species 

Pseudomonus phoS’ 
phoresoens, (Fischer) 
Bergey et al. 

Pseudomonas 
fiuorescens Migula. 

Related to 

Pseudomonas 

nondiquefaciens. 


* Two strains positive. 


possessing proteolytic properties. They fermented the different carbohy- 
drates and exhibited a good growth on potato. 

Of the 400 cultures obtained from stored winter herring the next 
numerically important genus was Pseudomonas of which 135 strains were 
classified and ordered in three species of which Group 1 included most 
of the strains. In conformity with our previous classification this group 
was subdivided (a and b) according to the ability of the strains to reduce 
nitrates. The organisms were identified with Pseudomonas phosphor escens, 
the typical characteristics of which are recorded (Table 11) and corre- 
sponded closely to the description given by fiergey. The bacteria have a 
very characteristic growth on agar, the colonies possessing a translucent 
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bluish shine and later becoming darker in color. Their most characteristic 
feature is their ability to produce luminescence, which could be demon- 
strated in broth cultures. An addition of soft herring-roe extract to the 
broth seemed to have a favorable influence on the light production. 

Under strict anaerobic conditions in Burri tubes the organisms showed 
no growth, but when cultivated on agar plates kept at 50 mm. pressure in 
vacuum jars, growtl^ could be demonstrated. The organisms were conse- 
quently facultative aerobic. • 

Two other species of Pseudomonas were demonstrated in stored herring, 
which numerically were of no importance, namely Pseudomonas fluorescens 
and a species related to Pseudomonas nondiquefaciens. 

In the genus Flavobacterium only seven per cent of the 400 isolated 
cultures were classified and they were ordered in nine groups. Of these 
groups No. 9, which was the most numerous, included organisms showing a 
characteristic growth on agar with greenish-yellow colonies which were 
smooth and glistening. This organism, tested in gelatin stabs, had no 
liquefying power, and was also negative in respect to carbohydrate fer- 
mentation. As none of the 58 species of Flavobacterium described by 
Bergey corresponded with this organism, it was placed in a special group 
in our classification. Its presence in stored herring was expected, as it had 
been encountered in relatively great numbers in the slime from the fresh 
fish. 

The next numerically important group of Flavobacterium was No. 6, 
representing yellow, shining colonies on agar. The organisms possessed 
proteolytic power but were negative with regard to carbohydrate fermen- 
tation. Group 7 included organisms showing no liquefaction of gelatin. 
Neither of these groups could be classified according to Bergey. The 
remaining six groups of Flavobacterium represented less interest owing to 
their rarity of occurrence (Table 12). 

Only about one per cent of the 400 cultures isolated was Micrococcus. 
These organisms corresponded with Group 7 in our earlier classification. 
An identification according to Bergey was not possible. The organisms 
represented greyish-white colonies on agar and possessed no proteolytic 
power. They had been demonstrated in the slime of the fresh herring. 

Determination of Trimethylamine Oxide Reduction of 75 Cultures: It 
has been shown by different investigators that spoilage of fish is accom- 
panied by a reduction of trimethylamine oxide present in sea fish. This 
reduction is produced by facultative anaerobic bacteria which are also 
capable of reducing nitrates, Watson (1939). It was of interest to deter- 
mine whether the cultures isolated from stored herring were trimethylamine 
oxide reducers. For this purpose 75 cultures were picked at random from 
the nitrate-positive types and examined in the following manner : 

The medium used was that employed by Watson (1939) and consisted 
of three gm. meat extract, five gm. peptone, five gm. NaCl, 6.8 gm. KH2PO4, 
18 gm. Na2HP04 12 aq., and 7.5 gm. trimethylamine oxide dissolved in 
water, adjusted to pH 6,9 and made up to a liter. This medium was tubed 
and sterilized. About 0.1 ml. 6f a fresh culture in ordinary broth of the 
organism to be examined was inoculated into the test medium and kept 
under aerobic condition in an incubator at 22® C. for two days. At the end 
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TABLE 13 
Micrococcus 


Details and media 

Group 7 

Morphology 

Spheres, small, occur- 
ring singly. 

+ 

Oram 

Motility 

Agar colonies 

Grayish- white, flat, 
amoeboid. 

No liquefaction. 
Turbid. 

Gelatin stab 


Litmus milk 

Reduced. 

Potato 

No growth. 

Indol 

Nitrate 

-r~ 

Glucose 

4- 

Sucrose 

-f 

Maltose 

4- 

Lactose 


Mannitol 

-j- 

Relation to oxygen 

Aerobic. 

Number of cultures 

3 



of this period the whole content of the test tube was transferred to a 50-ml. 
flask. An aliquot part was distilled with NaOH for an eventual determina- 
tion of trimethylamine, when a reduction of the oxide had been produced. 
It is apparent (Table 14) that not all of the strains classified as the same 
species yielded concordant results. 


TABLE 14 

Trimethylamine Oxide Reduction 


Cultures examined 

Number 
of strains 
examined 

Positive 



pet. 

Achromobacter — Group 5 

10 

60 

Achromohacter — Group 6 

1 

0 

Achromobacter — Group 8 

4 

75 

Achromobacter — Group 10 

40 

15 

Achromobacter — Group 12 

3 

33 

Achroninbactfir — Group 13 

4 

75 

Pseudomonas — Group la 

7 

0 

Pseudomonas — Group 2 

1 

0 

Pseudomonas — Group 3 

1 

0 

Flavobactervum — Group 1 

1 

0 

Flavobacterium — Group 3 

3 

0 


It is of interest to note that the trimethylamine oxide reducers were 
all facultative aerobes belonging to the genus Achromobacter. Of the 
species examined Groups 8 and 13 also possessed proteolytic power and 
are probably the most active agents during decomposition of the fish. 
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RESULTS AND DISCUSSION 

According to our earlier experiments with different species of fish, also 
including winter herring, the fish tissue is sterile. The bacteria which 
penetrate into the fish flesh during storage are derived from the slime 
offering a favorable medium for bacterial development and from the gills, 
which owing to their blood content also furnish a good medium. According 
to the present investigation the intestines harbor bacteria which in fresh 
herring amount to numbers from 3,000 to 20,000 aerobes per gram and 
considerably fewer anaerobes (about 10 per cent). 

There seemed to be no relationship between the amount of undigested 
food in the stomach and the bacterial number. Winter herring shoaling 
around the Norwegian coast on their spawning migration in February and 
March are pelagic fish. Their principal food is plankton. At this season 
the amount of plankton in the ocean is small, compared with that in the 
spring and summer. As the herring in the spawning season move in pure 
ocean water on the coast, a high bacterial number in the intestinal tract 
would not be expected. 

Other investigators of fish bacteriology — Hunter (1920a) and Fellers 
(1926) — state that the digestive tract of migrating salmon was usually 
sterile. These results are confirmed by Blake (1935) who reports that the 
stomach and intestines of fasting fish are frequentlj^ bacteria-free. 

During the storage period of the herring bacterial invasion will occur 
not only through the skin and via tlie gills into the fish flesh but also from 
the intestines into the tissues. A determination of the bacteria in the 
intestines from spoiled herring yielded about 14 million aerobes per gram 
and also in the intestines of air-dried herring, high amounts of bacteria. 

The decomposition of fish is effected by enzymatic changes and by the 
influence of bacterial action. The autolysis is, according to the view of 
most investigators, negligible in comparison with spoilage by bacteria. An 
evaluation of the bacterial counts in six lots of herring during storage 
showed that the initial flora consisted of aerobes, the anaerobic bacteria 
appearing later during the decomposition process. A reduction of tri- 
methylamine oxide accompanied the proliferation of the latter group. 

As for the bacteria isolated during the decomposition period a com- 
parison of the flora from the different dates revealed that there was no 
change in the qualitative composition of the flora. The following genera 
were represented according to frequency of occurrence: Achromobacter, 
Psetidomonas, Flavohacterium, and Micrococcus. These organisms were 
expected as they had already been demonstrated in the same fish, while 
fresh. Earlier studies had revealed that there was no special bacterial 
flora typical for Norwegian winter herring. 

The genus demonstrated with the highest degree of frequency was 
Achromobacter, while in fresh herring the Pseudomonus had been preva- 
lent. Evidence seems conclusive that the most active agents responsible for 
decomposition of fish belong to the genus Achromobacter. Special mention 
must be made of the species grouped in No. 8 and 13 (Table 10), which 
were at the same time active trimethylamine oxide reducers and gelatin 
liquefiers. They were, however, numerically not dominating. Other strains 
possessed only thh trimethylamine oxide-reducing power. It is of interest 
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to note that organisms possessing this property were all facultative aerobes, 
a finding which is in conformity with the result of other investigators. 
One of the most numerous groups related to Achromohacter liqiiefaciens, 
possessing proteolytic properties, had been encountered in great numbers 
in the slime and gills of the fresh fish. 

The organisms belonging to the numerically next important genus were 
Pseudomonas of which most of the strains were identified with Pseudomonas 
phosphor escens. This organism, a typical sea-water bacterium, can be 
isolated in great numbers from the surface of fresh herring, showing 
luminescence after only one day’s storage. Pseudomonas phosphorescens 
belongs to the groups of bacteria that produce the phenomenon of phos- 
phorescence of the sea. The organisms probably do not take active part 
in the decomposition process of the stored herring. Their presence in 
decomposing fish has also been demonstrated by Schonberg (1937). This 
investigator emphasized especially the importance of Pseudomonas fluores- 
cens as a spoiling agent in stored fish. We could identify only four of the 
135 strains classified with Pseudomonas fluorescens. This organism does 
not belong to the normal flora of ocean water but indicates pollution from 
the shores. 

The remaining genera, Flavobacterium and Micrococcus, were of minor 
importance owing to rarity of occurrence. Most of the species of Flavo^ 
bacterium had already been demonstrated in the fresh fish. 

The search for sporeforming, obligate anaerobes in the samples of 
stored herring gave in all cases a negative result. Other investigators have 
arrived at the same conclusions with other species of fish, with the excep- 
tion of fish feeding on the bottom, such as haddock — Shewan (1938). The 
presence of sporeforming, obligate anaerobes in canning plants is impor- 
tant since the spores of these organisms offer great resistance to heat. 
According to our previous investigations the slime, gills, and intestines 
of the freshly caught fish did not harbor obligate anaerobes. Their presence 
in the canning operations must therefore be attributed to incidental con- 
tamination during transport of the fish and to unhygienic conditions in 
the canning plant itself. This result confirms the conclusions already 
drawn in our previous paper and is of interest for the canning industry, 
as it throws light on the importance of sanitary quality of the raw product 
to be canned and on hygienic conditions in the factories. 

Considering the determination of the bacterial counts in the six lots 
of fish in the present investigation, attention has been already called to 
the difference in results between Lots 1 to 4 (Tables 1, 2, 3, and 4) and 
the two next lots (Tables 5 and 6). While the bacterial increase in the 
four first lots occurred very slowly, the next lots underwent a rapid 
decomposition and showed high bacterial counts. This is explained by 
different factors, such as the initial bacterial infection and the transport 
and storage conditions of the fish. 

Concerning the first four lots, the fish were sampled as they came from 
the nets and proved to be almost bacteria-free. All precautions were taken 
during the transport to avoid external infection, as the planned bacteri- 
ological examination included a study of the bacteria present on the fish 
straight from the sea and of the same fish during subsequent storage. 
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The fish were stored in lots of about 20 kilograms in fiat wooden boxes. 
The lower layers were consequently not exposed to any great pressure and 
the fish were not damaged. During storage in uncovered cases the fish 
had free access to air. The upper layers would consequently be partly 
dehydrated and the skin less penetrable for bacteria. It is a general 
experience in the herring oil and meal industry that decomposition of 
fish is accelerated by storage in piles a few meters deep, while a spreading 
of the fish over a large area retards the decomposition. 

The above factors account for the poor development of bacteria during 
storage in the first four lots of fish. It was clearly shown that spoilage of 
winter herring is greatly retarded when the initial bacterial infection is 
low. This reflects the importance of the hygienic condition of the raw 
product in the industry. 

With regard to the next two lots (No. 5 and 6), the raw material of 
which was procured from the herring-meal industry, spoilage occurred 
within about six days at a storage temperature of 2°C. This was in accord- 
ance with expectancy, as we had already carried on experiments with 
storage of winter herring of the regular quality used in the canning 
factories, Aschehoug and Vesterhus (1940). The initial bacterial number 
in winter herring used in the industry usually varied from a few thousand 
to hundred thousands of bacteria per gram of fish. 

According to usual shipping practice, winter herring is transported in 
bulk on board fishing boats or in wooden cases holding about 100 kilograms. 
Rough handling of the fish will result in broken skin and tissues, favor 
the distribution of organisms present in the slime and on the surface 
of the fish, and allow them to penetrate into the flesh. When the fish are 
transported in bulk, the lower layers will be exposed to a great pressure 
which will cause contents of the gut to be pressed out. Since the fish are 
captured during the spawning season, ordinary roe and soft roe also will 
be partly pressed out and mixed with blood and slime. All these substances 
together constitute an excellent medium for bacterial development. 

The best proof of the importance of sanitary transporting of winter 
herring was obtained during the last years of World War II, when the 
fish were transported bulked under unfavorable warm weather conditions 
in small vessels requiring exceptionally long time for transit. It conse- 
quently happened that lots of fish arrived at the factories in a poor, 
partly decomposed condition and had to be discarded as unfit for canning 
purposes. 

Lumley, Pique, and Reay (1929) made an extensive study of the vari- 
ous sources of infection during transport of fish at sea. They demonstrated 
by bacterial counts the result of washing and gutting of the fish and also 
showed that the infection of the surfaces of the fish can be kept at a mini- 
mum by avoiding contact with infected decks, deck fittings, and baskets. 
They also called attention to the importance of boxing the fish and con- 
cluded that pressure and much handling produced flabby fish. Liicke and 
Schwartz (1937) likewise studied the transport conditions for fish from a 
bacteriological point of view and demonstrated a lower bacterial number 
in fish transported in boxes than in bulk. They also emphasized that pres- 
sure on the fish Vould favor the distribution of bacterial infection. The 
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results of these investigators are in agreement with our findings and seem 
to substantiate our explanation of the exceptionally low initial bacterial 
count of the first four lots of herring. 

SUMMARY 

A bacteriological study was made on four lots of winter herring col- 
lected during two winter fishing seasons and transported under aseptic 
conditions to the laboratory. Two lots were stored at about 1°C., the other 
at temperatures varying from 1 to 8°C. Samples were withdrawn regularly 
for bacterial counts and for a systematic study of the predominant organ- 
isms present during storage. As the initial flora of the same herring straight 
from the sea had already been established and reported in a previous paper 
by Aschehoug and Vesterhus (1943)', a comparison between the organisms 
responsible for spoilage of the fish and the bacteria originally present was 
possible. The bacterial counts remained low even in the fish stored at the 
higher temperature, and decomposition occurred very slowly, a fact which 
was attributed to an unusually low initial bacterial infection and unfavor- 
able conditions for bacterial proliferation during storage. The investigation 
was supplemented with two lots of fish of the ordinary quality used in the 
herring industry which underwent spoilage in the expected period. Samples 
were likewise withdrawn regularly for bacterial counts, for a study of the 
flora, and also for trimethylamine oxide determinations. 

Winter herring move in schools off the Norwegian coast in clean ocean 
water, their principal food being plankton. Bacterial counts of intestines 
of 58 fresh herring were made, as well as of stomachs of 31 fish, giving 
figures varying from 3,000 to about 20,000 bacteria per gram. Bacterial 
counts of intestines of spoiled herring (six fish) were also established and 
showed a high increase in bacterial numbers. 

A study of the predominant organisms isolated from the stored herring 
included 400 cultures, which were classified according to the system of 
Bergey. There was a good correspondence between the organisms already 
demonstrated in the herring while fresh, and those isolated from the stored 
fish, the same genera being demonstrated. While Pseudomonas was the 
predominating genus in fresh herring, Achromohacter was demonstrated 
with the highest frequency in the stored fish. According to frequency of 
occurrence the following genera were represented: Achromohacter 58.5, 
Pseudomonas 33.7, Flavobacterium 7, and Micrococcus 0.8. 

Evidence seems conclusive that decomposition of fish is due mainly to 
organisms belonging to the genus Achromohacter. Among the 234 strains 
of Achromohacter were active trimethylamine reducers (30 per cent of the 
strains examined) and also proteolytic types, which are responsible for the 
production of volatile bases and of protein breakdown. These organisms 
were facultative aerobes. It is of interest to note that tie most active 
species were not the most numerous. 

The genus Pseudomonas included mostly Pseudomonas phosphor escens, 
which can be isolated in great numbers from luminous fish. 

The question concerning the occurrence of sporeforming obligate anaer- 
obes in stored fish was given special consideration owing to the importance 
of the heat-resistant organisms of these groups in the canning industry. 
All attempts to isolate obligate anaerobes gave negative results. 
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The problems of transportation and meat shortage associated with the 
lend-lease program of the recent war have given an impetus to research 
studies on dehydrated meats. Since the nutritional investigations on dehy- 
drated meat have been of such recent date, few reports have appeared 
in the literature. 

The report here presented includes studies initiated in 1943 on the 
effects of temperature, container, and incorporation of soya flakes on the 
niacin, riboflavin, and thiamin contents of dehydrated pork loaves during 
storage. 

Rice, Beuk, and Robinson (1943) reported that dehydrated pork re- 
tained little thiamin after several weeks’ storage at 48.9® C. ( 120® P.) and 
that the thiamin could be stabilized to an appreciable extent by the inclu- 
sion of a mixture consisting of cereals, milk, tomato paste, and bone meal. 
The unsupplemented product retained 15 per cent of the original thiamin 
after one week’s storage at 120®P., as compared with a 74 per cent reten- 
tion of thiamin in pork supplemented with non-meat solids to the extent 
of 33 per cent. In later studies, Rice and Robinson (1944) indicated fur- 
ther that at temperatures up to 37.2®C.(99®P.) there is little or no loss of 
niacin or riboflavin over a period of 219 days. Thiamin decreases more 
rapidly, showing some loss at 26.7®C.(80®P.). After 219 days’ storage the 
thiamin retention in dehydrated pork is 29 per cent, while at higher tem- 
perature there is almost complete destruction of thiamin. Rice, Beuk, 
Kauffman, Schultz, and Robinson (1944), in their preliminary studies, 
have shown that dehydrated pork and dehydrated eggs stored at or above 
temperatures of 37®C.(98.6®F.) lose thiamin more rapidly than certain 
other foods, such as dried skim milk and cereals. Dehydrated mixtures of 
67 per cent pork and 33 per cent cereals or milk solids lose thiamin much 
less rapidly than dehydrated pork alone. The thiamin loss of the dehy- 
drated pork was found to be somewhat related to the moisture level over 
the range of 0 to 6 per cent. Thiamin retention was not affected by storage 
in vacuum, nitrogen, or carbon dioxide rathec than air. 

Products rich in carbohydrate material were shown to be the most 
effective stabilizing agents studied. The authors postulated that the sta- 
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bilizing action of these substances may be due to chemical or physical 
properties which enable them to inhibit the action of water on thiamin, or 
if the destructive action is due to enzymic activity, the excess of carbo- 
hydrate or some substance occurring with it might inhibit the reaction 
between thiamin and the enzyme. 

The loss of thiamin was also shown to be real and not merely a ‘‘bind- 
ing’’ of the vitamin as indicated by comparable results obtained by the 
thiochrome and rat-growth methods of determination. 

In studies carried out principally by the Department of Agriculture’s 
Research Center at Beltsville, Maryland (1944), it was also observed that 
thiamin in dehydrated pork is greatly affected by temperature, the loss 
being nearly 100 per cent after storage for eight weeks at 43.3°C.( 110®F.), 
compared with a 33 per cent loss at 21.1®C.(70°P.). Niacin losses are not 
significant. These workers find the laminated lead-foil bag to be the best 
substitute for the properly sealed can. 

EXPERIMENTAL PROCEDURE 

Formula and Preparation of Pork Loaves: Ground pork shoulder was 
the meat chosen for this study since this cut would be typical of that used 
for dehydrated pork. Soya flakes were used as the extender replacing a 
part of the pork shoulder in the “extended” pork loaf. 

The following basic formula was used, Hotaling and Fenton (1945) : 


Soya-Extended Loaf 

Pork 

Soya flakes 

Spray-dried, whole ep:g 

Ground onions 

Sodium glutamate 

Sage 

Pepper 

Salt 


454 parts by weight 
65 parts by weight 
12 parts by weight 
18 parts by weight 
2 parts by weight 
0.4 part by weight 
0.6 part by weight 
9 parts by weight 


The control loaf was of the same formula except that the soya flakes 
were replaced with pork. 

In order to obtain a sufficient number of samples for the storage tests 
it was necessary to prepare four different lots of the meat loaves. From 
the standpoint of the accompanying data, it must be noted that the differ- 
ent lots showed some variance owing to the slightly different treatment of 
the four lots of meat loaves. There were variations in the time of drying, 
the order in which the ingredients were mixed, the fat contents, and the 
separation of fat from the last three lots with subsequent readdition after 
dehydration. Then, too, the pork itself may have varied in original vita- 
min content. Marked changes and trends in vitamin retention under the 
conditions of study are evident, however, in spite of the above-mentioned 
variations. 

The procedure finally developed, used in general for the last three lots, 
is as follows : The partially frozen pork was placed in the steam- jacketed 
kettle of a Hojiart food mixer. After about 45 minutes of intermittent 
mixing the meat had reached the desired precooking temperature of 73.9®C. 
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(165°F.). The meat was held at this temperature for a 30-miiiute period. 
During this period the fat and moisture partially separated from the meat. 
The aqueous and fatty layers were removed, were allowed to separate as far 
as possible, and the aqueous layer was reincorporated with the meat. The 
ground onions, spices, and soya flakes were added to the meat immediately 
before dehydration. The mixes were dehydrated in specially constructed, 
forced-draft, cabinet-type dehydrators, designed and constructed by Dr. 
F. B. Wright, who kindly made them available for this study. Each batch 
was distributed as evenly as possible over trays consisting of wooden frames 
with plastic screen bottoms. The layers were about one-half to one inch 
deep. The thermostats were set for a maximum of 68®C. (154.4°F.) and 
toward the end of the drying period this maximum was reached and main- 
tained. Owing to the fineness of the ground meat, stirring of the products 
was found necessary to ensure uniform drying. This was accomplished 
whenever samples were taken (about every V/o hours) to follow the mois- 
ture content. The Bidwell-Sterling toluene distillation method for moisture 
analysis was sufficiently accurate for the purpose required here — namely, 
a rapid method which could be applied to the products while dehydration 
progressed. Twenty-gram samples were taken directly from the trays and 
in about three quarters to one hour the moisture analysis could be obtained. 
The results obtained by this method were found to check with the five-hour 
vacuum method at 100°C.(212°F.). The total drying time required to give 
products below 10 per cent moisttire was about seven to eight hours. The 
powdered egg, the fatty material, and also any supplementary fat used were 
added to the meat after dehydration. The batches were stored in enamel 
kettles at room temperature until packaged. The loaves were packaged in 
cellophane bags,® metal-laminated bags,* and in lacquered tin cans ® under 
a vacuum of 28 pounds per square inch. 

Analytical Procedures: Samples were taken for analysis at various 
intervals to determine the effects of container, temperature, and incorpora- 
tion of soya flakes on the niacin, riboflavin, and thiamin contents of the 
dehydrated pork loaf during storage. 

A common extract for the three vitamins analyzed was used. A 10-gm. 
sample together with 10 gm. of anhydrous sodium sulfate was extracted in 
a Soxhlet apparatus for at least three hours with petroleum ether [B. P. 35 
to 60°C.(95 to 140°F.)] which had been distilled over acid permanganate. 
This extraction removed fatty material which might cause stimulation in 
acid production of Lactobacillus casei [Strong and Carpenter (1942)], pre- 
vented the formation of an emulsion in the extract, and at the same time 
made possible a total fat analysis to allow calculating the vitamin data to a 
dry, fat-free basis. 

The thoroughly dried, defatted sample (including the sodium sulfate 
present) was weighed and then the entire sample was ground in a micro- 

®The No. 450-MSAT-83 Quadrimatic envelopes were provided through the courtesy 
of the Dobeckman Company, Cleveland, Ohio. 

* The type A-11 envelopes were provided through the courtesy of the Reynolds Metals 
Company, Richmond, Virginia. 

® These cans and the vacuum closure machine were provided through the courtesy 
of the American Can Company, Maywood, Illinois. 
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Wiley mill using a 40-mesh sieve. This gave a very fine powder which 
provided for uniform sampling and aided extraction. 

An eight-gm. sample of the dry, defatted material, containing sodium 
sulfate with the meat solids, was weighed out and extracted for about 20 
minutes at 15 lb. pressure, 121®C.(250°P.), with 60 ml. of 0.5 N HCl. The 
fiask was cooled immediately and 20 ml. of 2.5 M sodium acetate were added 
to bring the pll to the range 4.0 to 4.5 ; 160 mg. each of takadiastase and 
papain were added and the sample was incubated at 37° C. for about 24 
hours. The suspension was made to volume, mixed, and filtered through No. 
12 Whatman filter paper. The first 10 to 15 ml. of filtrate was discarded 
The extracts were protected from light throughout this procedure and dur- 
ing subsequent storage to prevent destruction of riboflavin. 

The solid: liquid ratios in preparing the extracts as above were satis- 
factory for the complete extraction of niacin. After the studies were 
completed it was found that both riboflavin and thiamin were less easily 
extracted in such concentrated suspensions. If complete extraction had 
been effected for these two vitamins, the results would be 30 to 50 per cent 
higher than the figures reported. Accordingly, the values are not absolute 
but are of value only in so far as they compare with one another. 

The method used for the determination of thiamin was the thiochrome 
method as outlined by the Research Corporation Committee on the Thio- 
chrome Method (1942), with the exception of the extraction procedure used 
which has been outlined above. 

Riboflavin was determined by the microbiological method of Snell and 
Strong (1939) and modified after the findings of Stokes and Martin (1943) 
that increased quantities of glucose and sodium acetate resulted in greater 
acid production. The concentration of glucose and sodium acetate used 
was two per cent. 

The test solution for analysis of riboflavin was derived from the original 
thiamin extract. Twenty-five ml. of this extract were adjusted to a pH of 
6.6 to 6.8 and then diluted to 100 ml. Aliquots of 1.0, 1.5, and 2.0 ml. were 
taken in duplicate for analysis. Various levels of test solution did not give 
similar results but instead a “falling off'’ in riboflavin value was noted 
with increasing test level. The variation from highest to lowest level was 
from about 10 to 35 per cent. Such “falling off” effects in the vitamin 
value have been noted by other workers using Lactobacillus casei as the 
assay organism for riboflavin and pantothenic acid — Strong, Feeney, and 
Earle (1941); Wegner, Kemmerer, and Praps (1942); Andrews, Boyd, 
and Terry (1942); Light and Clarke (1943). Since the nature of this 
effect is still undetermined, all values at the three assay levels were aver- 
aged. It was often noticed that the two higher levels of extract addition 
were in better agreement than the lowest level, which gave the highest 
assay value for riboflavin. 

The microbiological method of Snell and Wright (1941), as modified by 
Krehl, Strong, and Elvehjem (1943), was used for the measurement of 
niacin. The test solution for niacin was derived from the riboflavin dilu- 
tion. Five-ml. aliquots were made to a volume of 200 ml. and duplicate 
aliquots of two, three, and four ml. were used for analysis. Checks at the 
different assay levels of the meat extracts were excellent. 



STUDIES ON DEHYDRATED PORK LOAVES 


81 


Moisture analysis was accomplished by a five-hour vacuum-oven drying? 
at 95 to 100®C.(203 to 212°P.). 

EXPERIMENTAL RESULTS AND DISCUSSION 

The experimental data on the effects of temperature, container, and 
incorporation of soya flakes on the niacin, riboflavin, and thiamin contents 
of the dehydrated pork loaves during storage are presented (Tables 1, 2, 
and 3) ; thiamin retentions are shown graphically (Pig. 1). 




Fio. 1. Effects of temperature, incorporation of soya flakes, container, and moisture 
content on thiamin retention of dehydrated pork loaves during storage. O Control loaf, 
70*F.; control loaf, 100°F.; • extended loaf, 70'F.; A extended loaf, 100*F. 

In comparing similar lot samplings (that is, one, two, and six and 
one-half months and the initial, one week, and 10^ months’ samplings), it 
appears that there is at most only slight loss in niacin under the conditions 
studied (Table 1) when one considers the errors in sampling and in the 
use of a method which allows for no greater accuracy than approximately 
10 per cent. There is some indication that niacin in the extended loaf was ‘ 
affected by storage. Biboflavin was apparently completely unaffected by 
the conditions of this study (Table 2). 

The results obtained on niacin and riboflavin retention are in agreement 
with the work of the U. S. Department of Agriculture Committee on Dehy- 
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TABLE 1 


Effects of Temperature, Container , and Incorporation of Soya Flakes on 
Niacin Content^ of Dehydrated Pork Loaf During Storage 


Storage 
temperature 
and time 

Lot 

No. 

1 Cellophane package 

1 MetaMaminated bag 

Vacuum tin 

Control 

Extended 

Control 

Extended 

Control 

Extended 

mo. 








Initial 

4 

'210 

343 

210 

143 


143 

70®F. 








1 

3 

235 

317 

217 


172 

134 

2 

3 

202 

132 

194 

149 

183 

186 

3 

2 


134 

167 

110 

189 

127 

6% 

3 

193 

133 

182 

134’ 

187 

132 

10% 

4 



191 

137 

206 


11% 

1 

204 

135 





lOO-F. 








1 

3 

218 

148 

223 

173 


164 

2 

3 

199 

146 

203 

171 

158 

137 

3 

2 

182 

121 

159 

123 

161 

159 

4 

2 

158* 

132* 

153* 

124’ 

169’ 

124* 

6% 

3 

180 

128 

210 

131 

399 

136 

10% 

4 



185 

123 

185 

125 

11% 

1 

214 

129 



I 



^ Expreased as micrograms per gram on a dry, ree basis. * The fat analysis for these figures 
was estimated from the average of previous fat determinations on similar samples. 


TABLE 2 


Effects of Temperature, Container, and Incorporation of Soya Flakes on 
Eihoflavin Content ^ of Dehydrated Pork Loaf During Storage 


Storage 
temperature 
and time 

Lot 

No. 

Cellophane package 


Vacuum tin 

Control 

Extended 

Control 

Extended 

Control 

Extended 

mo. 








Initial 

4 

12.2 

9.5 

12.2 

9.5 

12.2 

9.5 

70®F. 








1 

3 

11.8 

8.5 

11.7 

8.9 

, 10.5 

9.1 

2 

3 

12.3 

9.2 

12.0 

9.3 

11.5 

10.7 

3 

2 


11.4 

13.4 

10.3 

33.1 

12.0 

6% 

3 

11.7 

8.5 

11.6 

9.1* 

12.3 

9.1 

10% 

4 



10.4 

8.9 

10.9 


11% 

1 

9.0 

8.2 





lOO’F. 




WM 




1 

3 

12.6 

8.4 


8.9 

13.6 

8.7 

2 

3 

12.0 

9.4 


11.6 

10.1 

8.9 

3 

2 

13.1 

11.7 

13.5 

11.7 

13.4 

13.1 

4 

2 

12.4 * 

9.6* 

11.9’ 

9.8* 

12.7* 

10.5* 

6% 

3 

12.5 

8.6 

14.1 

10.0 

14.1 

9.4 

10% 

4 

1 



10.3 

7.9 

11.4 

7.4 

11% 

1 

8.3 

7.5 






^ Expressed as micrograms per gram on a dry, fat-free basis. * The fat analysis for these flgnrea 
iras estimated from the^ average of previous fat determinations on similar samples. 
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dration of Meat (1944) and of Rice and Robinson (1944), reported above, 
although their conditions for study were slightly different. 

The data on thiamin (Table 3 and Fig. 1), on the other hand, present a 
different picture from that of the niacin and riboflavin studies. From 
these data it can be seen that all factors studied in one way or another 
affect thiamin retention. 


TABI.E 3 


Effects of TemperaturCf Container, and Incorporation of Soya Flakes on 
Thiamin Content ^ of Dehydrated Pork Loaf During Storage 


Storage 
temperature 
and time 

Lot 

No. 

1 Cellophane package 

1 MetaMaminated bag 

Vacuum tin 

Control 

Extended 

Control 

Extended 

Control 

Extended 

mo. 








Initial 

4 

19.1 

13.7 

19.1 

13.7 

19.1 

13.7 

70®F. 








l(wk.) 

4 

23.2 1 

msSm 

22.6 

14.1 

20.8 

13.2 

1 

3 

18.0 1 

BSB 

19.8 

15.1 i 

17.6 

14.0 

2 

3 

17.6 

Bisi 

16.5 

13.2 1 

15.7 

6.2 

3 

2 


mwm 

13.9 

11.2 

14.4 

12.3 


3 

5.9 


5.6 

6.3’ 

5.6 

6.6 

10% 

4 



5.3 

6.0 

5.2 

5.4 

11% 

1 

2.8 






lOO^T. 








1 (wk.) 

4 

22.0 

BH 

17.9 

13.4 

18.3 

13.1 

1 

3 

14.6 

Bll 

15.6 

11.2 


11.3 

o 

3 

10.7 


8.4 

31.7 


8.8 

3 

2 

6.8 

13.5 

4.0 

5.8 


6.2 

4 

2 

3.2 = 

7.9 = 

1.4 = 

2.7 = 

1.4 = 

2.1* 

6% 

3 

2.8 

7.0 

0.8 

2.4 

0.67 

2.7 

10% 

4 




1.5 

0.28 

1.4 

11% 

1 

5.0 

5.0 

1 





^ Expressed as micrograms per gram on a dry, fai-free basis. ^ The fat analysis for these figures 
was estimated from the average of previous fat determinations on similar samples. 


The higher the storage temperature the more rapid is the destruction 
of thiamin. An analysis of the data shows that the higher temperature 
promotes thiamin destruction at a rate more than twice that found at 
room temperature in the control loaf. No apparent effect of container is 
here noted. With the exception of the cellophane-packaged samples, a 
similar temperature effect is noted in the thiamin content of the soya- 
extended meat. 

Extending the dehydrated pork loaf with soya flakes increases the 
thiamin retention twofold to threefold. 

The effects here noted of temperature and of substituting non-meat 
ingredients for a part of the dehydrated pork were also observed in the 
studies of Rice, et al. (1943, 1944) and Rice and Robinson (1944). They 
reported that after 219 days^ storage at 26.7°C.(80°F.), the thiamin reten- 
tion of dehydrated pork is 29 per cent; a thiamin retention of about 25 
per cent was found for the control pork loaves in this study stored at room 
temperature (about 70®F.) for a similar period. At a higher temperature 
(100®F.) there appears to be very little retention of the thiamin in the 
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control loaf after about six to seven months. Rice, ei dl, (1943, 1944) stud- 
ied the effects of incorporating 33 per cent of the non-meat ingredients, in 
contrast to the 12 per cent of soya flakes (or approximately 19 per cent 
non-meat ingredients) in this mix prior to dehydration. 

An unusual effect of packaging on the quality of the dehydrated meat 
is observed in the cqse of thiamin destruction during storage, particularly 
under elevated temperatures. For the soya-extended, dehydrated pork 
packaged in cellophane and stored at 100°F., the thiamin content was at 
all sampling periods very significantly higher than for the same product 
packaged in either metal-laminated bags or lacquered tins. Thus, after 
three months, the cellophane-packaged product had lost 18 per cent of the 
original thiamin, whereas the extended pork packaged in metal-laminated 
bags and tins showed thiamin losses of 59 and 56 per cent, respectively. 
After six and a half months at 100® F., the dehydrated meat in cellophane 
had lost 50 per cent of the thiamin, in contrast to 83 and 81 per cent losses 
in the other packages. There is some indication that the thiamin in the 
unextended, dehydrated meat may also be more stable at high tempera- 
tures when packaged in cellophane, but the differences are not sufficiently 
large to be considered significant. 

The explanation for the very great differences in thiamin in the ex- 
tended meat in the several types of packages lies not in a protective effect 
conferred by cellophane, or a destructive effect from metals, but rather 
is apparently based on the moisture content of the product. Cellophane, 
in contrast to the other packaging materials studied, is not completely 
moisture-vappr proof. At the low relative humidity of the 100®F. room 
(approximately 30 per cent) the dehydrated meat actually lost moisture 
through the cellophane, the loss being greater from the extended than from 
the control product. The average moisture contents of the various samples 
during storage are noted opposite the several curves (Fig. 1). At room 
temperature, approximately 0.5 per cent moisture was lost through the 
cellophane in both the control and extended dehydrated meats; at 100®F., 
the absolute moisture content was lowered by 1.6 to 2.0 per cent. 

A possible explanation of the similarity of the thiamine retention at 
70 and 100°F. in the extended loaf packaged in cellophane may lie in the 
differences in moisture contents of these samples. The destructive effect 
at the higher temperature appears to be balanced by the protective action 
of a lower moisture content (2.2 per cent in the loaf stored at 100® F. as 
compared with a moisture content of 3.8 per cent in the loaf stored at 
70®F.). Although the moisture contents of the control loaf in cellophane 
are dissimilar at 70 and 100®F., the difference is not as great as for the 
extended meat, presumably because the latter is more granular and less 
fatty, offering a greater surface for evaporation. In the control loaf the 
ratio of the average moisture content of 70 and 100® F. is 4 to 3 while in 
the extended loaf, the ratio is 5.2 to 3. 

The additional desiccation of the dehydrated pork-and-soya loaf in 
cellophane at 100®F. serves to delay greatly the hydrolytic destruction of 
thiamin in the meat. Particularly at low levels of moisture and at high 
storage temperatures, such as the case of the extended pork at 100®F., a 
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small change in moisture content effects very striking changes in stability 
of thiamin in the pork. This fact has obvious implications in both process- 
ing and packaging of dehydrated products, and is in line with published 
data which indicate a prolongation of the shelf life of dehydrated foods 
when the moisture content is reduced below normal levels. 

The data are in agreement with effect of moisture noted by Rice et al. 
(1944). It is apparent that moisture alone does not account for all the 
variances in thiamin retention. For example, the control loaf packaged 
in cellophane (TO^F.) with an average moisture content of 4.4 per cent 
at lOy^ months’ storage has a 16 per cent thiamin retention, while the 
extended meats stored in the metal-laminated bag and tin can at the same 
storage time and temperature, and each with a moisture content of 4.2 
per cent, have, respectively, 43 and 39 per cent retention. Whatever the 
role of the extender in promoting thiamin retention, it is certain that it is 
not evident merely from the absolute moisture content. It was noted that 
the extended loaf appeared drier and much less greasy than the unextended 
loaf. This was attributed to the absorption of moisture and fat by the soya 
flakes. In the absorption of moisture by the soya flakes thiamin destruction 
in the meat may be prevented. Through the imbibitional forces of such 
hydrophilic materials as starch and other colloids in the meat extenders, 
the true moisture content of the dehydrated meat itself may be much lower 
than is indicated by a gross moisture determination. The lower moisture 
content in the pork would explain the greater stability of the thiamin. 

Storage under a vacuum of 28 pounds per square inch in tin cans 
apparently makes for no greater thiamin retention than storage in an 
atmosphere of air. 

SUMMARY AND CONCLUSIONS 

Studies on the niacin, riboflavin, and thiamin contents of a dehydrated 
pork loaf stored under varied conditions are reported. 

Niacin and riboflavin are shown to be stable for approximately a year 
at temperatures up to 100°F. This stability is not affected by the con- 
tainer or by replacement of a part of the pork with soya flakes. 

Thiamin, on the other hand, is unstable. Elevated storage temperatures 
exert a definite destructive effect on the thiamin in a dehydrated pork loaf. 
Data are also presented which indicate the influence of moisture content 
of the sample upon thiamin retention. Thus, a two-per cent moisture con- 
tent promotes better thiamin retention than at a level of four per cent. 

The container alone does not appear to exert any direct effect on thia- 
min retention. The cellophane-packaged, soya-extended pork, especially at 
100°F., seems particularly stable. This apparent better retention of thia- 
min in the dehydrated meat packaged in cellophane may be correlated with 
a lower average moisture content than the average moisture contents of 
the samples stored in the metal-laminated bag and the vacuum tin. 

Thiamin retention in a dehydrated pork product is increased twofold 
to threefold by substituting soya flakes for 14 per cent of the pork. 
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At the present time organoleptic observations are the only generally 
accepted criteria for judging the freshness of fish. Such tests are very 
inaccurate, but no accurate objective test has yet been devised which 
meets the requirements of simplicity, rapidity, low cost, and also does 
not mutilate the sample and thus render it unfit for sale. 

If the pH of fish flesh could be correlated with fish freshness, such 
a test would come very close to meeting the requirements of an ideal test. 
pH determinations employing a pH meter are simple, rapid, and accurate, 
yet the samples are not destroyed. Substitution of pH test papers for 
the pH meter would increase the simplicity and economy of such a test. 

Wood, Sigurdsson, and Dyer (1942) suggested that tests on the surface 
of fish flesh are much more delicate than those on composite samples con- 
taining both surface and interior flesh. This is due to the fact that spoilage 
is much more rapid at the surface than in the interior of fillets. A more 
recent paper by the same authors. Dyer, Sigurdsson, and Wood (1944), 
suggests the use of pH on the surface of fillets as an index of freshness. 
These authors indicate that this is a reliable test even though the pH values 
of the interior, or of the composite samples, are not sensitive indicators of 
fish freshness. 

The U. S. Army Quartermaster Corps buys fish following an inspection 
by the Army Veterinary Corps. All tests employed by the Veterinary 
Corps are organoleptic, and consequently the quality of the fish purchased 
depends entirely on the judgment of the individual inspector. For this 
reason the U. S. Army Quartermaster Corps expressed the need for an 
objective test to replace, or at least to supplement, the organoleptic exami- 
nation and asked the U. S. Fish and Wildlife Service to investigate the 
test proposed by Dyer et oZ. (1944). This investigation was then under- 
taken with the following objects in view : 

1. To study the surface pH test to determine whether or not it would 
be of value to the Army Veterinary Corps inspectors as a freshness 
yardstick for fish fillet purchases. 

2. To simplify it further. 

3. To apply the test to the types of fish the U. S. Army generally 
purchases for mess purposes. These included various species not 
previously tested by Dyer et aL (1944). 

The studies here reported were made during the months of September, 
October, and November, 1944, in laboratory space furnished to the U. S. 
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Pish and Wildlife Service by the Gorton-Pew Fisheries Company, Limited, 
at Gloucester, Massachusetts. 

EXPERIMENTAL PROCEDURE 

Handling Fish Samples: Pish were received directly from the com- 
mercial fishing bpats in as fresh a state as possible. Gillnet boats were 
out for about 10-hour periods; consequently, those fish described as 
'‘gillnet ’’-caught were only six to seven .hours out of the water when 
purchased. Otter trawlers were out for periods of one to two weeks. The 
fish described as "otter trawl ’’-caught were obtained from the top of the 
load wherever possible and, therefore, were still fresh when received. 
During the storage period on otter-trawl boats, the fish had been iced 
according to commercial practice. 

The fish to be tested (haddock, whiting, dabs, pollock, cod, rosefish, 
and gray sole) were filleted immediately upon their receipt at the dock. 
As the fillets from each fish left the filleter’s knife, they were paired and 
wrapped together in a piece of parchment or waxed paper and stored in 
crushed ice. At all times during the storage period, an excess of ice 
covered them, so that their temperature was kept constant. At intervals 
of one or two days, until the fish were completely spoiled, the fillets from 
six ^ fish were removed from the ice and one fillet from each pair was 
examined, while its duplicate was wrapped in double parchment or waxed 
paper and then in plain wrapping paper and placed in a cold room held 
at —15 to — to — 0.4°F.). 

Duplicate fillets were frozen because any test, to be practical for Army 
use, had to be applicable to fish which had been frozen since most of the 
fish used by the Army is frozen immediately after filleting and critical 
inspections are made on the thawed product. These frozen duplicates were 
held from two weeks to two months at — 15 to — 18° C. until time was 
available for their examination. Because the investigation was necessarily 
of short duration, it was impossible to determine the effect of prqlonged 
frozen storage. 

Laboratory Technique: In the laboratory the fillets were tested using 
a pH meter.^ Careful checks were made on the meter with commercially 
prepared buffer solutions at pH 7 at the beginnings of each day’s work 
and about every two hours during the examinations. 

Preliminary studies indicated that washing electrodes between fillets 
was unnecessary because the effect of residual films on the glass electrode 
was overcome by each new contact with the fillet surface. It was found 
that the effect of fork holes on the pH was not noticeable unless the por- 
tion around the hole was very badly discolored and decomposed. The 
effect of temperature variation on the readings was found to be unim- 
portant *for the temperature range in which the fillets were examined, 
provided the temperature compensator on the pH meter was used. 

^Fitzgerald and Conway (1937) found that a minimum of five fish was required to 
represent the quality of a batch of 2,000 pounds of haddock. 

• This was a Beckman Model G with external glass (Beckman No. 1190) and calomel 
(Beckman No. 1170) electrodes. 
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Preliminary to the examination, the fillets were placed on a table in 
a room at 20 to 30°C.(68 to 86°P.) and allowed to remain until their 
temperature had changed from that of melting ice to 10 to 15°C.(50 to 
59°P.). Both unfrozen ” and frozen fish were treated in this manner. 
Though the frozen fish took three to four hours to thaw, it was believed 
inadvisable to apply heat or water. 

The pH values of the surface and freshly cut interior portions were 
made at points designated (Pig. 1). The fillet was held firmly against 
the rigidly supported electrodes, but not firmly enough to puncture the 
flesh, and a few seconds were allowed for equilibrium to be attained before 
the reading was taken. 


VENTRAL 



O • pH X • pH f «*«. 

Fio. 1. Positions on fillot at which pll readings were obtained. 

The odor of the raw, uncooked fillet was noted when the readings for 
both the surface and the interior had been obtained. At the beginning of 
the investigation the opinions of three or four people were averaged, while 
during the latter part of the study only the author ^s opinion was consid- 
ered. Since his opinions had always been in agreement with the average 
of the other participants, this was believed acceptable. 

It may be noted in the accompanying graphs and tables that the organo- 
leptic data were classified as fresh, flat, sweet, stale, and putrid. A fillet 
designated as ' ^ fresh had the normal odor of freshly caught fish. If it 
was ‘'flat’’ there was an absence of odor — normal or otherwise. A “sweet” 
fillet had an odor not especially unpleasant but reminiscent of watermelon. 
A “stale” fillet had a characteristic ammonia-like odor (odor of ammonia 
and other mixed amines) but had not reached the “putrid” stage at 
which point the odor became obnoxious (hydrogen sulfide, indole, skatole, 
etc. were present). All fish examined in this study spoiled in the above 
manner except whiting and rosefish. At the sweet stage whiting developed 
a perfume-like aroma instead of the usual watermelon-like odor. Rosefish 
did not become sweet but passed directly from flat to slightly stale. 

The author and those who co-operated with him considered the fillets 
edible through the “sweet“ stage, of questionable edibility at “very sweet” 
and “slightly stale,” and inedible at “stale” and at more advanced stages 
of decomposition. This designation of the exact point at which the fish 


® ‘ * Unfrozen ' * is used instead of ‘Afresh" to avoid confusion between the use of 
the word ‘ * fresh ^ ^ to signify lack of freezing and ‘ ‘ fresh ' ' as an organoleptic criterion. 
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became inedible was determined by judges in the habit of eating fish only 
of the very freshest nature. Less discriminating people might have placed 
such a point elsewhere. 

INTERPRETATION OF DATA 

Accuracy of Methods: A study of values obtained at the various surface 
sampling points shbwn (Fig. 1) revealed that the fiducial limits^ of the 
seven surface pH readings on individual fillets was, on all samples except 
those in advanced stages of decomposition, always as small as or smaller 
than ±0.18. The fiducial limits of the mean * were as small as or smaller 
than ±0.08, except in the most advanced stages of spoilage (Table 1). 
These values were believed to be sufficiently small for the required accu- 
racy of the test. In the data presented here, all surface pH averages may 
be assumed to be within ±0.08 pH of the true mean for the fillet described, 
unless that fillet is ‘Wery stale” or worse. 

TABLE 1 

Precision of pH Determination on Haddock and Gray Sole 


Expected variation among individual surface pH determinations 
on fillets at various degrees of spoilage^ 


Odor rating 

Fiducial limits 
(standard deviation X 2% ) 

Fiducial limits of the mean 
(standard deviation of 
mean X 2 H ) 

Unfrozen 

otter-trawl 

haddock 

Frozen 

otter-trawl 

haddock 

Unfrozen 
otter-trawl 
gray sole 

Unfrozen 

otter-trawl 

haddock 

Frozen 

otter-trawl 

haddock 

Unfrozen 
otter-trawl 
gray sole 

Fresh 

.10 

.06 

.18 

.04 

.02 

.07 

Flat 

,11 

.07 

.15 

‘ .04 

.03 

.06 

SI. sweet 

.10 



.06 



Sweet 



.18 



.07 

SI. stale 

.18 

.17 

.18 

.07 

.07 

.08 

Stale 


.18 

.20 


.07 

.08 

Very stale 

.19 

.39 


.07 

.15 


SI. putrid 

.70 



.27 



Putrid 


.27 



.10 










' See Pig. 1 for the positions of the seven surface pH readings taken on each fillet. 


It must be understood that organoleptic tests are not always accurate. 
Had a strictly reliable organoleptic method been available, perhaps better 
correlation with pH would have been obtained in certain instances. Refer- 
ence to the graphs accompanying this report reveals that when pH is plot- 
ted against organoleptic rating (Figs. 3 to 7), the standard deviation is 
quite large at times. However, when pH is plotted against storage time 
(Figs. 3 to 7), the standard deviation is less as a general rule. Thus stor- 
age time is indicated to be more dependable than organoleptic rating in 
these instances. 

Theory of pH Changes: Figure 2 shows the ideal curve upon which the 
surface pH concept as described by Dyer, Sigurdsson, and Wood (1944) 

*The ** fiducial limits'' give the limits within which 95 per cent of the values ob- 

tained will be exp^ted to fall. In this case (seven samples), the standard deviation 
multiplied by 2% gave the “fiducial limits," and the standard deviation of the mean 
multiplied by 2% gave the “fiducial limits of the mean." 
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is based. The flesh of live fish, such as haddock, has a pH value close to neu- 
trality. According to Benson (1928), however, this is true only of rested 
muscle; the flesh of fish which have struggled on being caught (gillnet, 
otter-trawl, and line-caught fish) is slightly acid on death, and it will 
become more acid as the processes of rigor mortis take place. Within four 
to 24 hours after the death of the fish the pH of the flesh reaches a mini- 
mum in the neighborhood of pH 6.5 or lower. In the case of fillets surface 
and interior pH values are the same at this stage since no surface bacterial 
action has taken place. For a few days the pH of both the surface and the 
interior remains in the vicinity of 6.5. The fillets are still considered to be 



DAYS ON ICE SINCE CATCHING 

Fig. 2. pH clianges occurring during spoilage of such fish as haddock, etc. (This 
curve is a theoretical ideal and does not represent experimental data.) 

in a fresh condition. After a period of time which varies with the tem- 
perature, the species of fish, and many other factors, bacterial action at 
the surface of the fillet releases amines, chiefly trimethylamine, which tend 
to cause a rise in the pH at the surface. Thus the surface pH increases 
more rapidly than the interior pH, since the bacteria and/or their meta- 
bolic end products filter to the interior only very slowly. This dilferential 
has been taken by Dyer et al. (1944) as significant in determining the 
difference between very fresh fish and fish at incipient spoilage, even 
though the surface pH values may be similar. For example, the surface 
pH immediately on death (Line A, Fig. 2) may be the same as that when 
spoilage is under way (Line B, Fig. 2), but the interior pH in the latter 
case would be much lower. 

In view of the importance of such pH differences between the surface 
and interior, points representing fillets whose interior pH values were 
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close to the average of the severe surface values have been encircled on the 
graphs accompanying this report, while a cross is used to mark those points 
representing fillets on which one or more of the interior pH values were 
significantly lower than this average. If an interior pH departed from the 
mean of the seven surface values by more than two and a half times the 
standard deviation of the surface readings of all the fresh fillets, the fact 
was considered significant. As reference to Figs. 3 to 7 will demonstrate, 
the greater proportion of encircled pH values occurred on fillets in a com- 
paratively fresh condition; thus the contention advanced by Dyer et al. 
(1944) that surface pH rises faster than interior pH is substantiated. 




Fig. 3. pH changes during spoilage of otter- trawl haddock {Melanogrammus 
aeglefinus) fillets.* 

Presentation of Data:^ Figures 3 to 7 show the relation of surface pH 
of fillets of various species to storage time in ice after filleting and to 
organoleptic rating. 

For all species studied it was found that the pH rose as spoilage pro- 
gressed. With some species the dependability of the correlation of pH with 
the degree of spoilage was good, but with others it was poor. 


* Because approximately 10|000 pH determinations were made daring the course of 
the investigation, all of this material could not possibly be presented here for lack of 
space. For this reason, no data are presented for the frozen duplicate fillets, and graphs 
for some species of fish were deleted because they were very similar to those included 
with the report. 
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It is evident (Fig. 3) that pH 6.7 was the dividing line between fresh 
fillets of haddock and those at incipient spoilage. These results are in 
agreement with the work of Dyer et aL (1944). An experiment run with 
gillnet-caught haddock showed results very close to those obtained with 
the otter-trawl haddock, but the limiting line between fresh and spoiling 
fish was pH 6.8 instead of pH 6.7. This difference might very well have 
been experimental error. 



The correlation of pH with freshness of whiting (Fig. 4) was nearly 
as good as that for haddock. With this species, however, the pH range of 
the fresh fillets (pH 6.9 to 7.3) was much higher than that for haddock. 
Dabs {Eippoglossoides platessoides) fell into the same category as whiting, 
though the pH range of fresh samples (pH 6.7 to 7.0) was lower than that 
for whiting. No data are presented for this species. 

With haddock, whiting, and dabs the pH of an individual fillet gave 
some idea of its condition as evidenced by the consistent rise in pH as 
spoilage progressed and by the absence of any serious overlap of individual 
points at different levels. With the rest of the species studied, however, 
the surface pH values of individual fiillets lost their significance and only 
average pH values of several fillets of equal quality could be relied on to 
give a correlation with storage time or organoleptic rating. In some cases 



94 


R. PAUL ELLIOTT 


even this average was very erratic. If more than six fillets had been 
examined each day, smoother Curves would have resulted. 




Fig. 5. pH changes during spoilage of gillnet pollock (Pollachivs virena) fillets.® 

The data for pollock are presented (Fig. 5) ; the pH range for the 
fresh fillets was very wide (from about 6.5 to 7.1). All but a few of the 
fillets whose interior pH values were close to the values at the surface 
(as indicated by encircled points) fell in the ‘ ‘ fresh group, and few 
were included in this group in which the interior pH was significantly 
lower than the surface pH. This would indicate, according to the theory 
of the surface concept, that those fresh fillets whose pH values were quite 
high might be at the extremely fresh stage (as indicated by Line A, Fig. 2). 
This idea was not borne out by the data, however. A comparison of the 
data used in plotting the two curves (Fig. 5) showed that pH readings 
above 6.9 occurred on fresh fillets on the second, third, and fifth days as 
well as on the first day. 

Dyer et al, (1944) reported that the test worked well for cod. The 
data for cod (Fig. 6) show that, in these experiments, the pH values of 
individual fillets of a given age or of a given odor rating had little mean- 
ing, while the average of these figures showed an upward trend as spoilage 
progressed. 

The data for gray sole, as presented (Fig. 7), showed that pH may 
not be a reliable index 'of the condition of fillets even though a general 
trend upward is easily seefi. In this case the surface pH values of indi- 
vidual fillets had very little meaning, and even the mean of several of 
equal quality was not a wholly dependable criterion. The data for rosefish 
{Sehastes marinus) are not presented, but the results when plotted look 



FRESHNESS INDEX FOB FISH FILLETS 


95 


very much like those of gray sole (Fig. 7) ; that is, individual points over- 
lapped, the line drawn between mean pH values of fillets of equal quality 
varied erratically, and the total pH shift was not great. 



ODOR OF RAW FILLET 

Fig. 6. pH changes during spoilage of g^lnet cod (Gadtts caUarms) fillets.* 


When the data for the thawed duplicate samples were plotted (graphs 
not presented), it was found that the pH values as a whole dropped con- 
siderably as a result of freezing and/or storage in the frozen condition. 
Upon careful scrutiny of surface pH averages of individual fillets, how- 
ever, it was found that this tendency for pH to drop on freezing was not 
at all consistent, and occasional values even rose after such treatment. 
Because of such irregularity no correction factor can be assigned to a 
given species. Therefore, since the changes in pH owing to freezing are 
often very marked, the application of the test to thawed fish as a freshness 
index seems impractical. 

Simplification of the Test: An attempt was made to simplify the test 
by the use of pH test papers, but none was found in the proper range 
which was sufficiently accurate for the purpose. This was not surprising 
in view of similar results reported by other workers, Kolthoff and Rosen- 



96 


E. PAUL ELLIOTT 


bloom (1937). It is felt, however, that the use of the pH meter is not a 
serious drawback to the test. 



Fig. 7. pH changes during spoilage of otter-trawl gray sole (Glypiocephdlus 
cynogloasus) fillets.® 


DISCUSSION 

In considering the application of the test to commercial practice, cer- 
tain diflSculties arise. First, it gives an indication of spoilage which occurs 
only after the filleting process. Undoubtedly, spoilage occurring previous to 
filleting does have some effect on the test, but surface pH values on new 
fiUets would give no more indication of freshness than those on composite 
samples or internal flesh, since the filleting operation riiakes a fresh cut 
and, therefore, a surface pH taken immediately after filleting would not 
be a surface test but rather an interior test. If the test could be applied 
to a whole or eviscerated fish, this diflSculty might be avoided; however, 
in their reference to its use in this manner, Dyer et al, (1944) did not 
describe how it could be done. The author would expect it to be very 
difficult to correlate surface pH of whole or eviscerated fish with the 
freshness of the flesh. 

The next limitation, and probably one of equal importance, is the 
effect of fillet dips on the test. On the Atlantic coast, and to a small 
extent on the Pacific coast; fillets are dipped in brine after the filleting 

* In Figs. 3 to 7, encircled points indicate that both interior pH values taken on that 
fillet were quite close to the surface average, while a cross indicates that at least one 
interior pH was significantly lower. 
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process. Occasionally alkaline dips are used to enhance the color and, there- 
fore, the salability of the fillet. If surface pH were used as a measure of 
freshness, any of the dips used at present might affect the test markedly. 
Also, when the test became well known, it would be an easy matter for 
the processor to introduce acid products into the dipping solution of fish 
of questionable quality and thus lower the pH to correspond to values 
obtained on a strictly fresh product. Development of the test on whole 
or eviscerated fish would not circumvent this difficulty since the practice 
of using carbonate solutions to remove and neutralize malodorous materials 
from whole fish has been well established in some sections. 

As stated previously, the test probably applies only to fish which have 
never been frozen since, on freezing, erratic pH changes occur which are 
not connected with freshness in any way. 

These limitations have been mentioned to show that, even if it were 
perfected, the test would not be of practical value to the Army. Further- 
more, in commercial application its drawbacks, as outlined above, are not 
to be disregarded. The test has proved of great value from the standpoint 
of theoretical interest, however, since it has added to our information on 
fish spoilage. For laboratory research it will prove very useful. 

Before any general application could be made, it would be necessary 
to determine different limits for each species and to determine the number 
of fillet examinations that would be required to give a true indication of 
the condition of a lot of fish. Fitzgerald and Conway (1937) stated that 
five representative fish indicated the quality of a 2,000-pound lot, but this 
does not mean that the pH values of five fish represent the quality of that 
lot, since wide pH variations often occur between fish of equal quality 
(Figs. 5, 6, and 7). It would also be desirable to determine the effect of 
(1) variation in types of bacteria present, (2) variation in bacterial load, 
(3) differences in area of catch, (4) differences in method of catch, and 
(5) differences in season of the year. 

SUMMARY 

The surface pH test as described by Dyer, Sigurdsson, and Wood 
(1944) as a method for determining the freshness of fish fillets was studied, 
using haddock, whiting, dabs, pollock, cod, rosefish, and gray sole. 

As determined by comparison of pH changes with organoleptic grading 
and with .time of storage in ice, the surface pH of fillets tended to rise in 
all cases as spoilage progressed. The best correlation was obtained with 
haddock, whiting, and dabs. With the other species examined wide varia- 
tions occurred in pH among fillets in an equal state of freshness. Thus 
individual pH values had less significance in the case of these latter species, 
and only the mean pH of several fillets of equal quality gave a good indi- 
cation of pH trends on spoilage. 

The data obtained on thawed fish did not show a dependable correlation 
between pH and freshness because of erratic pH changes, probably owing 
to the freezing and/or storage in the frozen condition. 

Even if the pH test were perfected, it would bo of limited value because 
it gives a reliable index of spoilage occurring only after the filleting process 
and because it wotild be affected by acid or alkaline dips. These limitations 
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reduce its value for practical field work but do not preclude its use as a 
laboratory test in research work. 
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The white sucrose sugars, beet and cane, are perhaps the nearest ap- 
proach to chemically pure substances that are included in the daily diet. 
As a food commodity, sucrose is the cheapest, on a calory basis, on the 
American market and is used in quantity in more food products than any 
other prepared ingredient. The value and use of sugar as an ingredient 
in prepared foods are not limited to its energy-giving content or to its 
sweetening property. As a preservative in water-containing foods, it has 
no equal from the standpoint of maintaining flavor, color, turgidity, or 
keeping quality. 

The utility of sugar, like that of many other food ingredients, may be 
limited by the presence of certain foreign substances. It has been observed 
that while relatively large amounts of some impurities may be present in 
a food ingredient without effect when the ingredient is used for a selected 
food product, only a trace of another impurity may greatly impair the 
utility of the same ingredient when used in the same product. Sugar is no 
exception. The presence of bacteria, yeast, and molds in the sugar or of 
substances which stimulate their growth in sugar solutions is illustrative. 
For instance, the presence of a large number of viable yeast cells in sugar 
is of no concern when the sugar is for table use. Such a sugar would not, 
however, be acceptable for use in the manufacture of beverages. Likewise, 
the presence of a relatively large amount of yeast growth-promoting sub- 
stance in sugar for table sweetening would be of no consequence. Yet such 
a sugar would not be desirable for use in the manufacture of beverages 
or similar products which might become contaminated with yeasts through 
either the sugar itself or from other sources. Thus, because of the extensive 
use of sugar in beverages, fountain sirups, flavoring extracts, and sweet- 
ened condensed milk, which are subject to spoilage by yeast, the presence 
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of yeast growth-promoting substances in sugar is a problem of vital im- 
portance among the manufacturers as well as the users of sugar. 

LITBRATURJl REVIEW 

Sucrose has been used as a constituent of synthetic nutrient solutions 
for the propagation^ of yeasts since Pasteur (1860) first reported the 
results of his classic experiments on yeast growth in mineral-salt-sugar 
solutions. Windisch (1902), Amand (1902), and Kossowicz (1903) were 
among the first workers to observe the growth-promoting effects of sugar 
on the growth of yeasts, and although the growth-promoting substances 
were not identified, it was generally agreed by most workers that they 
were organic in nature. These substances, like ‘‘bios,’^ which was deter- 
mined by Wildiers (1901) to be indispensable for the fullest development 
of yeast in synthetic nutrient solutions, were known to be present in trace 
quantities. It remained for Funk and Freedman (1923) to be the first to 
recognize the presence of a yeast growth-promoting vitamin in cane sugar 
as a result of their attempts to cultivate yeasts in synthetic nutrient 
solutions for animal-feeding tests. Subsequent studies have revealed the 
complex nature of the yeast growth-promoting substances. These have 
been extensively reviewed by several workers, including Tanner (1925), 
Miller (1930), and Peskett (1933), each of whom included extensive bibli- 
ographies in his review. More recently, Williams (1941) reviewed the 
specific yeast nutrilites in consideration of the most recent knowledge 
available on the subject. Among the group of known substances which 
influence the growth of yeast is biotin, a member of the vitamin B complex, 
first reported to be present in sugar by Cheldelin and Williams (1942). 
These workers report the presence of less than 0.004 microgram per gram 
but do not state the type of sugar examined. 

EXPERIMENTAL PROCEDURE 

Most previous workers have been concerned with the effect of growth- 
promoting substances and impurities in sugar from the standpoint of yeast 
nutrition. Hall, James, and Stuart (1933) were the first to consider the 
subject from the standpoint of commercial manufacture and use of sugar, 
when it became apparent that there were differences between the biologi- 
cal quality of sugars of the same type, i.e., beet sugar and cane sugar, 
and that these differences were noticeable in their use in food products, 
especially beverages. 

In the previous study it was observed that when a definite number of 
cells of a culture of Saccharomyces cerevisiae, isolated from a bottle of 
carbonated beverage, were inoculated into sterilized 10-per cent solutions 
of beet or cane sugar, the size of the inoculum varied from no increase 
to manyfold after 72 hours ^ incubation. There was no multiplication of 
cells in a C. P. grade sucrose. This indicated that a yeast growth-promoting 
substance was present as an impurity in variable amounts in sugar. As a 
study was already being mkde annually of the chemical impurities of 
campaign-composite samples of beet sugar manufactured by most domestic 
factories, it was dpsired to use a rapid biological method for determining 
the relative amount of growth-promoting substances in the same samples 
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for correlation with the amount of impurities as determined by chemical 
analysis. It was desired also to identify the growth-promoting substances 
and to study the possibility of their elimination from sugar during the 
process of its manufacture. 

The method used for determining the relative amount of growth-pro- 
moting substances in sugar throughout this study was described in an 
earlier paper by Hall, James, and Stuart (1933). Each sample of sugar 
in a group was similarly prepared in 10-per cent solution, sterilized, and 
inoculated with approximately 50,000 yeast cells per milliliter. After 72 
hours' incubation at 30°C.(86°P.) the ratio of the number of cells per 
milliliter of the resulting crop to the number per milliliter of the inoculated 
solution was given as the value for the yeast-inoculum multiple. The 
range of values, determined each year on 29 to 87 factory samples from 
1931 to 1942, is shown (Table 1). 

TABLE 1 


Average, Minimum, and Maximum Teast-InocuJum Midtiples for 
Beet-Sugar Samples for 19S1 to 194$ 


Year 

Number 

of 

samples 

Number 
of cells 
inoculated 
per ml. 

Yeast-inoculum multiples 

Average 

Minimum 

Maximum 

1931 

29 

35,000 

6.6 

1.0 

23.0 

1932 

68 

47,000 

8.5 

1.0 

80.8' 

1933 

58 

50,000 

6.9 

1.0 

30.4 

1934 

59 

48,000 

4.8 

1.0 

13.4 

1935 

65 

49,000 

12.4 

1.0 

59.6 

1936 

70 

47,000 

8.6 

1.1 

27.4 

1937 

70 

51,000 

8.0 

2.6 

19.2 

1938 

77 

50,000 

7.6 

1.4 

25.2 * 

1939 

7r3 

53,400 

9.1 

1.9 

40.2* 

1940 

87 

52,000 

8.0 

1.1 

18.4 

1941 

87 

50,000 

! 6.6 

1.0 

16.6 

1942 

87 

51,000 

I 4.2 

1.0 

18.8 


'Only one .ample above 39.2. ‘Only one .ample above 18.2. "Only one .ample above 24.2. 


The average yearly yeast inoculum-multiple values show a marked 
variation over the 12-year period. Beginning with the campaign year 1932, 
there are three distinct periods during which the average multiple values 
showed yearly decreases, only to be followed by sudden increases which 
are again followed by yearly decreases. It woxdd appear that these trends 
would be of value for correlation with factory-operation data or with 
chemical analysis of impurities of the same samples, but no other such 
trends were noted. A possible explanation for the failure to obtain corre- 
lation with other available data is that the stimulative substances are 
present in amounts too small to be quantitatively associated with other 
nonsugar substances. It is significant that the maximum multiple values 
for these sugars, with but two or three exceptions, do not exceed values 
that are considered to be a safe maximum limit for use of the sugar in 
liquid food products, such as beverages, when initially contaminated with, 
less thftTi 50,000 yeast cells per milliliter of beverage, provided that stimu- 
lants are not supplied from other ingredients. 
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Nearly every year, as the study progressed, the number of operating 
factories increased mainly as a result of resumption of operation of 
previously idle factories or of older factories moving to new locations. 
Numerous improvements made during this period of time in processing 
equipment and procedures greatly increased operation efficiencies, result- 
ing in an improvement in the general quality of the sugar from nearly 
every factory. These changes are reflected by decreased amounts of non- 
sugar substances, for example, the continual reduction of ash content of 
the sugar. A correlation, although not exact, exists between the amount 
of ash and the relative amount of yeast growth-promoting substance in 
the samples. This relation is apparent only when the samples are divided 
into two groups, i.e., those below and those above the average yeast inocu- 
lum-multiple value, and when the average ash content is obtained for all 
the samples in each group. On this basis, the average ash content is lower 
for the group of samples having the lower average yeast inoculum-multiple 
value. Likewise, the average ash content is higher for the group of samples 
having the higher average yeast inoculum-multiple value ; the results that 
show this relationship are given (Table 2). 

TABLE 2 


Relationship Between Y east-lnoeulum Mvltiples and Ash Content of 
Composite Beet-Sugar Samples for 1931 to 1943 



Average for all samples 

Ash average for group 

Number of samples 
in group 

Year 

Yeast- 

inoculum 

multiple 

Ash » 

With yeast- 
inoculum 
multiple 
below 
average 

With yeast- 
inoculum 
multiple 
above 
average 

With yeast- 
inoculum 
multiple 
below 
average 

With yeast- 
inoculum 
multiple 
above 
average 

1931 

6.6 

pet. 

.0274 

pet. 

.0244 

pet. 

.0348 

19 

10 

1932 

8.5 

.0245 

.0219 

.0246 

50 

18 

1933 

6.9 

.0197 

.0186 

022‘^ 

40 

18 

1934 

4.8 

.0140 

.0108 

.0169 

36 

23 

1935 

12.4 

.01.32 

.0116 

.0156 

47 

18 

1936 

8.6 

.0135 

.0130 

.0151 

38 

32 

1937 

8.0 

.0116 

.0105 

.0151 

37 

33 

1938 

7.6 

.0109 

.0106 

.0116 

47 

30 

1939 

9.1 

.0110 

.0104 

.0117 

. 37 

38 

1940 

8.0 

.0099 

.0095 

.0104 

45 

42 

1941 

8.6 

.0091 

.0082 

.0101 

49 

38 

1942 

4.2 

.0111 

.0140 

.0119 

53 

34 


^ The aeh determinations were made by Sam Byall, Chemist, Bureau of Agricultural and Indus- 
trial Chemistry, as part of a study of sug:ar impurities. 


The relationship in samples for each year between yeast-inoculum mul- 
tiple and the ash content, when samples are grouped according to whether 
their ash contents are below or above the average, indicates that the 
amount of growth-promoting substance is directly related to the ash con- 
tent of the sugar. These results would indicate that stimulation might 
result from the ash, but this is not so because the ash of sugar does not 
exert a stimulative effect on the yeast. 

The relationship between the ash content and the yeast-inoculum mul- 
tiple for the campaign-composite samples examined yearly was studied on 
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the basis of individual samples over the 12-year period with the hope that 
a direct correlation might be found between these values which would 
permit estimation of the amount of growth-promoting substances from the 
ash content of the samples. If it were possible to use the ash content of 
the sugar, which is usually estimated daily during its manufacture, as a 
basis for estimating the relative amount of growth-promoting substances, 
information would become available immediately regarding this quality of 
the sugar. To study this possibility the yeast inoculum-multiple value and 
the ash content of campaign-composite samples from individual factories 
were tabulated on a yearly basis, from 1931 through 1941; typical data 
are given (Table 3), 

As it was immediately evident that there was no exact correlation 
between the ash content and the relative amount of growth-promoting 
substance in the sugar, the tabulated data were limited to samples ob- 
tained from 12 factories. Samples A to P and G to L were from Steffen 
and non-Steffen factories,, respectively, which were distributed throughout 
the entire beet sugar-producing area. 

It is readily seen from these data that there is no relationship between 
the yearly yeast inoculum-multiple value and the ash content of the sugar 
from individual factories. There is, with only a few exceptions, a gradual 
yearly reduction in the ash content of most samples over the 12-year 
period. The reduction for the individual samples corresponds very closely 
with that obtained for the yearly averages for all composite samples. There 
is no such reduction or trend shown throughout the period for the yeast 
inoculum-multiple values to correspond with the ash values. With the 
exception of samples from Factories C, F, I, and L, there is a downward 
trend in both values for the years 1932, 1933, and 1934. Inasmuch as the 
values of the yeast-inoculum multiples were so irregular in comparison 
with the ash content for the remaining years, these results did not appear 
to be particularly significant. It was concluded, therefore, that the ash 
content of the sugar cannot be used as a measure of the amount of yeast 
growth-promoting substances present. There are two possible explana- 
tions for this: (1) the growth-promoting substances are organic and are 
consequently not a part of the ash, and (2) the amount of stimulating 
substances is too small to be quantitatively correlated with other impuri- 
ties, at least when estimated by this method. 

YEAST GROWTH IN SUGAR AS A MEASURE OF UNIFORM 
FACTORY OPERATION 

Samples of sugar were obtained from individual consecutive strikes 
from three factories in order to determine the relative amount of growth- 
promoting substances in consecutive strikes. It was desired to obtain 
information regarding the uniformity of operation of the factories by 
determining the value of the mean deviation for the samples from each. 
Sixty-six samples were obtained. The yeast inoculum-multiple value was 
determined for each individual sample, and the average (mean) and mean 
deviation values were calculated; results are given (Table 4). 

The average yeast inoculum-multiple values for the samples from Fac- 
tories A, B, and C are 9.9, 5.8, and 4.7, respectively. Corresponding to 
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Belationship Between Yeast- Inoculum Multiples and Ash Content of Composite 
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these values are the mean deviation values of 2.4, 1.0, and 0.53, respectively. 
By using these values as a numerical index of the uniformity of operation, 
and the value zero for perfect operation, Factory C is seen to have the best 
operation. The operations of Factories B and A are increasingly less uni- 
form in that order. There were no known irregularities in the operation 
of Factories A and B to account for the nonuniformity of yeast inoculum- 
multiple values. 

TABLE 4 


Belative Amount of Growth-Promoting Substances in Consecutive 
Strikes of Beet Sugar 


Factory A 

Factory B 

Factory 0 

Strike 

No. 

Teaat- 

inoculum 

multiple 

Strike 

No. 

Yeast* 

inoculum 

multiple 

Strike 

No, 

Yeast- 

inoculum 

multiple 

220 

8.3 

394 

5.8 


4.2 

221 

6.4 

395 

6.2 


3.8 

222 

8.0 

396 

6.9 

186 

4.3 

223 

10.1 

397 

5.8 

187 

5.8 

224 

8.1 

398 

3.2 

188 

5.1 

229 

12.9 

399 

5.6 

189 

4.3 

241 

11.6 

400 

8.3 



242 

9.3 

401 

5.6 

191 

4.4 

244 

15.2 

402 

6.4 

192 

5.4 

245 

15.9 

403 

3.2 


5.4 

246 

11.0 

404 

4.1 

194 

5.8 

247 

6.0 

405 

4.9 

195 

5.2 

248 


406 

4.8 

196 

5.8 

249 


407 

8.0 

197 

4.7 

250 

11.5 

408 

4.1 

198 

4.8 



409 

7.1 

199 

3.6 



410 

6.0 


3.4 



411 

5.2 


4.4 




412 

6.3 


4.9 



413 

5.1 

203 

4.3 



414 

7.1 

204 

4.9 



415 

6.4 


4.6 



416 

7.3 





417 

5.8 

207 

4.4 



418 

7.5 

208 

5.4 

Average ( mean ) 9.9 

Mean deviation 2.4 

Average (mean) 5.8 

Mean deviation 1.0 

Average (mean) 4.7 

Mean deviation 0.53 


IDENTIFICATION OF BIOTIN AS A STIMULANT IN SUGAR 

A number of alcohol-free extracts were prepared from beet-sugar and 
cane-sugar samples by recrystallization of individual samples and were 
assayed ® for biotin, pantothenic acid, para-amino benzoic acid, and folic 
acid. The assays were made on alcohol-free extracts prepared by recrys- 
tallization of individual samples from 80-per cent alcohol, a method shown 
by iiall and James (1936) to be effective in the removal of yeast growth- 
promoting substances from crystalline sugar. The percentage of sugar 
solids remaining in the extract was determined, and the amount of biotin 

* Assay ot extracts made by Dr. O. L. Kline and Dr. Ester Peterson Daniel, Food and 
Drug Administration, Federal Security Agency, W asMngton, D. C. 
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was calculated on the basis of the original dry sugar. The assay was 
carried out by the method (unpublished) of Daniel and Kline, a micro- 
biological procedure employing Lactobacillus arabinosis with a purified 
culture medium. Although the number of samples examined was insuffi- 
cient to permit drawing definite conclusions, the results given (Table 5) 
indicate a possible relationship between the amount of biotin present and 
the yeast growth-promoting ability of the sugar as measured by the yeast 
inoculum-multiple values. 


TABLE 5 


Helatumship Between Amount of Biotin and Y east lnoculum Multiples in 
Beet and Cane Sugar 


Sample No. 

Type of 

sugar 

Biotin 
(/nmg. per 
gram) 

Yeast- 

inoculum 

multiple 


Cane 

.445 

7.8 


Cane 

.390 

7.2 

C-3 

Cane 

.07.5 

6.1 

4166 

Beet 

.060 

3.7 


Cane 

.055 

14.5 

4165 

Beet 

.040 

5.5 


Cane 

.035 

3.2 

4111 

Beet 

.025 

2.9 


Biotin was found to be present in all samples assayed, but pantothenic 
acid, para-amino benzoic acid, and folic acid were not detected. The 
amount varied from 0.025 to 0.445 micromilligram per gram of sugar. By 
arranging the samples in descending order of the amount of biotin present, 
it is seen that the yeast-inoculum multiples, except for Samples 4166 and 
C-5, are likewise in descending order. Although the reason for the irregu- 
lar results obtained for these two samples is not known, there is a possi- 
bility that other undetermined growth-promoting substances are present 
in the second one. Existing conditions did not permit continuation of the 
investigation of this subject. 

The biotin requirements of various yeasts have been studied by several 
workers. Kogl and Fries (1937) showed that only 0.00004 microgram of 
biotin is necessary in two ml. of culture medium to cause a 100-per cent 
increase in the crop of Basse M. yeast in five hours. Shell, Bakin, and 
Williams (1940) believe that biotin is the limiting factor in the growth 
of yeast and showed that the presence of a minute amount of pyridoxin 
greatly increased its growth-promoting effect. They also believe that yeast 
is able to synthesize biotin during growth. Lochhead and Landerkin 
(1942) found biotin to be essential to the growth of all 23 strains of 
osmophilic yeasts studied by them. 

RELATIONSHIP BETWEEN STIMULANT IN INTERMEDIATE 
PRODUCTS AND SUGAR 

The reason for the failure of some sugars to show growth-promoting 
activity, while others showed widespread variations, was investigated from 
the standpoint of the manufacturing process in the hope that means 
would be found for eliminating the stimulant from all sugars. A number 
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of intermediate products, including juice, sirup, and massecuites obtained 
from several factories, were studied for their ability to stimulate the 
growth of yeast cells. It was found that all the products stimulated the 
growth of yeast in solution, the extent of growth varying with products 
from different factories. The stimulative substances are believed to origi- 
nate in the sugar beet and are not destroyed during the sugar-recovery 
process. 

Since the most extensive multiplication of the yeast occurred in the 
white-sugar massecuites, which is the most concentrated form of sugar and 
sirup obtained in the process, it is evident that there is a substantial con- 
centration of the stimulant in this product. The study of the relative 
amount of growth-promoting substances in white sugar versus massecuites 
was extended to include campaign-composite samples of each from 14 
Steffen factories and 13 non-Steffen factories. Each product was made up 
in 10-per cent solution of sugar, and its yeast-inoculum multiple was 
determined; results are given (Table 6). 


TABLE 6 


Comparison of Relative Amounts of Growth-Promoting Substances in Massecuites 
and Sugar From Steffen and Non- Steffen Factories 


Steffen 

Yeast-inoculum multiple 

Non-Steffen 

Yeast-inoculum multiple 

Factory 

Massecuitea 

SuRar 

Factory 

Massecuites 

Susrar 

A 

92 

10.0 

A 

168 

8.6 

B 

154 

10.6 

B 

272 

8.6 

p 

156 

8.0 

C 

322 

5.6 

I) 

162 

9.8 

D 

326 

6 6 

E 

180 

6.6 

E 

354 


F 

198 

4.2 

F 

.356 

4.8 

G 

214 

16.6 

G 


4.8 

H 

230 

3.8 

H 

411 

4.4 

I 

232 

6.3 

I 

452 


J 

260 

9.0 

J 

454 

3.2 

K 

330 

3.6 

K 

526 

3,6 

L 

332 

8.0 

L 

660 

11.4 

M 

378 

5.0 

M 

842 

6.8 

N.... 

414 

12.2 











There was no uniform relationship between the relative amounts of 
stimulants in the sugar and massecuites (Table 6). This was illustrated 
in the disparity which existed between Samples A and H from the Steffen 
factories. The sugar from Factory A had a yeast inoculum-multiple value 
of 10 as compared with 3.8 for that from Factory H ; yet the massecuites 
from Factory H had a yeast inoculum-multiple value of 230 as compared 
with 92 for that from Factory A. Similar relationships also exist between 
the samples obtained from the non-Steffen factories. The failure to elimi- 
nate the stimulant from the sugar while working the massecuites can only 
result in its presence in the sugar. Too much emphasis cannot be placed 
on the elimination from the sugar of all nonsugar substances while working 
the massecuites. 
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LOCATION OP GROWTH-PROMOTING SUBSTANCES WITH RESPECT TO CRYSTAL 

SURFACES AND INFLUENCE OF QUANTITY OP CENTRIFUGAL WASH WATER 

In a previous paper by Hall and James (1936) it was shown that the 
greater part of the growth-promoting substances in sugar was located at 
or near the crystal surfaces. The average reduction of the yeast-inoculum 
multiple was more than 50 per cent in 12 samples of sugar when an average 
of 8.4 per cent of the crystal was removed by mingling in a nearly satu- 
rated sirup made from sugar which did not promote the growth of yeast. 

The distribution of these growth -promoting substances is somewhat 
similar to the distribution of other nonsugar impurities in sugar. Paine 
and Balch (1926) found that the colloidal matter present was fairly uni- 
formly distributed throughout the crystal. Keane, Ambler, and Byall 
(1935) showed by mingling crystals of uniform size with sugar solutions 
in which from 4.3 to 30 per cent of the crystals were dissolved away that 
over 50 per cent of the ash, sulfates, chlorides, sodium, potassium, and 
total nitrogen was located in the outer five per cent of the crystal ; whereas 
color, calcium, and sulfites were more uniformly distributed throughout 
the whole crystal. 

In order to determine if greater elimination of growth-promoting sub- 
stances could be obtained from crystal surfaces during centrifugation by 
increased quantities of centrifugal wash water, the quantity of water was 
changed in successive baskets of massecuites while spinning a strike of 
white sugar. One machine was selected in each of four factories, and for 
four successive baskets the quantity of water normally used was increased 
or decreased by two quarts. After each change, a sample of finished sugar 
was collected from the machine while the sugar was being plowed out, so 
that the sample was representative of the entire basket. The yeast-inoculum 
multiple of each sample was determined. The results, together with the 
quantity and temperature of water used, are given (Table 7). 


TABLE 7 

Influence on Yeaei Inoculum- Multiple Value of Quantity of 
Centrifugal Wash Water 


Factory A 

Factory B ‘ 

Quarts of water 
at88®0.(190.4'’F.) 

Yeastinoculum 

multiple 

Quarts of water 
at 72®C.(161.6®P.) 

Yeast-inoculum 

multiple 

14 » 

22.7 

16' 

13.4 

16 

20.5 

18 

9.6 

18 

19.4 

20 

7.4 

20 

14.8 

22 

3.6 

Factory 0 

Factory D 

Quarts of water 
at86"C.(I86.8!P.) 

Yeast-inoculum 

multiple 

Quarts of water 
at86®C.(186.8"P.) 

Yeast-inoculum 

multiple 

15 

8.8 

24' 

3.8 

17 

8.8 , 

22 

3.4 

19 

6.4 

20 

6.0 

21 

4.8 

18 

7.8 


* Quarts normally used. 
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There was a decrease in the yeast inoculum-multiple value of samples 
from Factories A, B, and C (except one change in sample from Factory C) 
when the normal quantity of wash water was increased by two quarts per 
machine for successive baskets of sugar. Conversely, when the normal 
quantity of water was decreased by two quarts per basket with sample 
from Factory D, the yeast inoculum-multiple value increased (except for 
one change). These results give further evidence that the yeast growth- 
promoting substance is located at or near the surface of the crystal and 
that it can be effectively diminished by controlled quantities of additional 
wash water. 

SUMMARY 

A study of the yeast growth-promoting properties of beet and cane 
sugar has shown that varying amounts of substances are present in dif- 
ferent sugars. A substance identified as biotin was found to be present 
in amounts from 0.025 to 0.445 micromilligram per gram of sugar. Al- 
though there is no exact correlation of the amount of growth-promoting 
substances with other known impurities of the sugar, there is a correlation 
of averaged yeast inoculum-multiple values with averaged ash values. The 
growth-promoting substances, like most other nonsugar impurities, are 
located at or near the surface of sugar crystals and can be effectively 
diminished by controlled quantities of additional wash water while the 
massecuites are being centrifuged. 
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The belief is generally held among those who have knowledge of dehy- 
drated meat that, other factors being equal, the greater the capacity of a 
particular lot of the product to absorb and retain moisture the closer its 
approach to fresh meat with respect to certain elements of palatability. 
In fact, that such is the case appears to be a logical and safe assumption. 
Inclusion of studies of the possible meat qualities and processing factors 
affecting rehydration was therefore regarded as essential in the emergency 
meat-dehydration investigations. 

OBJECTIVES 

The purpose of the studies was to throw light on the effects of protein 
or fat content, size of particle, method of pretreatment, and temperature 
of drying on the capacity of the finished product to take up moisture. It 
was believed the results would aid in evaluating processing methods. 

EXPERIMENTAL PROCEDURE 

No suitable method for determining the rehydration capacity of dehy- 
drated meat appeared to be available. Consequently it was necessary to 
devise such a method. That the method finally adopted for the work should 
be sufficiently exact to yield readily duplicated results and to measure 
small differences between samples was regarded as essential. 

In planning the preliminary study on method a certain soil centrifuge 
that was available appeared promising for the purpose. It was equipped 
with a circular metal basket having perforations in the side which allowed 
moisture to escape. Into the basket were fitted 16 square metal boxes 
with lids and wire-screen bottoms. The distance between the bottom of 
each sample box and the center of the revolving head of the centrifuge 
was six inches. 

The weighed sample of meat in the box was soaked in water for a given 
time, centrifuged to remove excess water, and reweighed to determine the 
weight of water retained. Tests involved soaking samples for 15 minutes 
to two hours and showed that soaking for one hour was adequate. In 
order to subject the material to a centrifugal force just sufficient to elimi- 
nate surface water, but not to force out that absorbed by the meat tissue, 
different periods of time and different centrifuge speeds were tried. Cen- 
trifuging for 40 minutes at 1,500 r.p.m. was found satisfactory since good 


^ This is one of a series of papers dealing with emergency meat dehydration investi- 
gations of the United States Department of Agriculture that is being published in Food 
Beseareh, The first two papers were presented in the September* October, 1945, issue and 
others have appeared in succeeding issues of the journal. 

• Transferred to Bureau of Standards, U. S.. Department of Commerce. 

in 
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checks were obtained between duplicate samples in successive tests as 
well as in the same run. 

The procedure finally adopted consisted in weighing a 10-gram sample 
from a lot of dehydrated meat into a centrifuge box of known weight, 
fitted with a filter-paper lining. The sample in the box was soaked for one 
hour in distilled water at a temperature of 28 to 30® C. (82.4 to 86®P.), 
drained for a few minutes, and centrifuged for a total of 40 minutes at 
1,500 r.p.m. Duplicate samples were balanced opposite each other in the 
centrifuge. Approximately five minutes were required to increase the 
speed of the centrifuge to 1,500 r.p.m. after the current was turned on, 
and no brake was applied when the current was turned off at the end of 
40 minutes. The box containing the meat was then weighed, and the weight 
of water retained by the 10-gram sample was calculated. An allowance 
of 0.3 gram was made for water absorbed by the filter-paper lining. Re- 
sults were expressed as grams of water retained per 100 grams of meat 
and were the mean of from three to seven determinations on each sample. 
The deviation from the mean in most cases did not exceed it three grams. 

RESULTS 

It is logical to believe that in the rehydration of dehydrated meat the 
water absorption is done largely by the protein tissues and to a negligible 
extent by the fat. Moreover, since the moisture content of different lots 
of dehydrated meat should be fairly constant, at 10 per cent or below, 
the higher the protein content the lower the fat content becomes and vice 
versa. The protein content, fat content, or the protein-fat ratio would 
appear to be a factor of much significance in relation to rehydration 
capacity. 

In a group of seven lots of dehydrated pork, all processed alike in 
vacuum-rotary Drier A,^ the protein content ranged from 64.8 to 55.5 
per cent with the fat content ranging from 26.5 to 39.4 per cent. Rehy- 
dration values varied from 38.5 grams for the sample lowest in fat to 
16.6 grams for the highest in fat. The corresponding protein-fat ratios 
were 2.34:1 and 1.41:1. 

When fat was removed by suction in increasing amounts from a lot of 
high-fat dehydrated pork produced by the vacuum-rotary method, thus 
widening the protein-fat ratio, rehydration values of five' resulting sub- 
samples increased from 7.4 grams on one extreme to 37.3 grams on the 
other. This occurred despite the fact that in consequence of removing fat 
the proportion of moisture in the dehydrated product had some tendency 
to increase, with the last subsample containing appreciably more moisture 
than the first. 

Owing to the cohesion of some meat particles and the disintegration of 
others during the processing, as well as other factors, the use of a grinder 
plate with holes of a given diameter is no assurance that the particles of 
a particular lot of dried product will be uniform in size. 

When two samples of dehydrated pork of approximately the same 
protein-fat ratio and processing treatment, except that one was ground 

•Described in the ^rst article in this series which appeared in Food Research 10, 
No. 5, 379-391. 
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through a 0.25-inch plate and the other through a 1.125-inch plate, were 
passed through a series of sieves, rehydration values obtained on particles 
of the two subsamples retained in any one sieve of a particular aize mesh 
were relatively close. However, there was considerable variation in values 
obtained for particles of different sizes from any one sample. For example, 
the rehydration value obtained on the original composite sample from 
a certain lot of dehydrated pork, for which the 0.25-inch plate had been 
used and which contained 54.7 per cent protein and 30.7 per cent fat, was 
19.8 grams per 100 grams of product. When the sample was subdivided 
according to particle size, the values obtained for particles retained in 
sieves of 0.375-, 0.250-, and 0.125-inch mesh were 16.9, 20.9, and 26.5 grams, 
respectively. For a comparable lot, with which a 1.125-inch plate had been 
used, the rehydration value of the original (‘‘composite*’) sample was 
15.6 grams, whereas values obtained on particles retained in the same 
three sieves were 13.5, 17.3, and 21.0 grams, respectively. Similar results 
obtained on sieving five other samples of dehydrated pork also illustrated 
the fact that, for a given weight, smaller particles are more easily rehy- 
drated than larger ones. The difference in behavior is believed to be due 
to the greater surface area of the former. 

Another set of samples of dehydrated pork, 12 in number, all precooked 
on the double drum and then air-dried,^ was subdivided according to rela- 
tive proportions of protein and fat and to particle size as indicated by the 
grinder plate used. Rehydration was determined for all four samples in 
each of the three subgroups; the data are shown (Table 1). 

It will be noted (Table 1) that Groups 1 and 2 contained about the 
same average proportions of protein, fat, and moisture but that for the 
former group a 0.25-inch grinder plate was used whereas for the latter 
the holes in the plate were 0.875 inch in diameter. When given the op- 
portunity to rehydrate, samples in Group 1 absorbed considerably more 
moisture than those in Group 2. With particle size the same and moisture 
content practically so in Groups 1 and 3, comparison of these two throws 
further light on the effect of differences in protein and fat content or in 
the protein-fat ratio, the latter being 3.23:1 and 1.95:1, respectively. On 
the average. Group 1 samples took up about 70 per cent more moisture 
than Group 3 samples. It is readily apparent that the differences in pro- 
tein and fat content occurring between Groups 1 and 3 of the same aver- 
age particle size had a greater effect on rehydration capacity than the 
difference in particle size between Groups 1 and 2 where composition was 
practically the same. 

In order to throw light on the effect, on rehydration capa^city, of the 
searing or “case hardening” of the meat that appeared to occur during 
precooking on the double-drum machine, five lots of pork so precooked 
were compared with six others cooked in an open, steam-jacketed kettle. 
All lots were air-dried in a cabinet dehydrator; essential data are shown 
(Table 2). 


^Double-drum, cabinet, and air-flotation driers were described in the flrst article in 
this series, which appeared in Food Research 10, No. 5, 379-391. 




^Conditions for all dmm samples: steam pressure, 70 pounds; time per drum revolution, 45 seconds; distance between drums, 0.10 inob. 
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Attention is directed to the fact that on the average the two types of 
product contained about the same percentage of fat but the protein content 
of the kettle-cooked meat was somewhat higher than that of the drum- 
cooked meat. Conversely, the former contained somewhat less moisture 
than the latter. This situation relating to protein and moisture content 
would appear conducive to somewhat smaller capacity on the part of the 
drum-cooked product to rehydrate. As shown (Table 2), it actually did 
absorb and retain less moisture than the kettle-cooked meat. However, 
the difference in rehydration capacity in favor of the kettle-cooked meat 
was so great one is led to the conclusion that the relatively small differ- 
ences in composition were minor factors affecting water-absorbing capacity. 
Statistical analysis showed that the difference between the mean rehydra- 
tion values of 23.7 and 37.7 grams was highly significant. There seems 
little doubt that the drum method of precooking meat for dehydration 
causes rather extreme denaturization of the protein and therefore does 
not compare favorably with the kettle method in its effect on the capacity 
of the finished product to take up moisture. 

Comparison of processes was the major problem involved in the emerg- 
ency meat-dehydration investigations. Rehydration capacity of the finished 
product was one of the factors through which the various processes were 
evaluated. 

To throw more light on the value of different general methods of dehy- 
dration, a relatively large quantity of pork was divided into several lots 
of uniform composition. Each lot was then processed by a different method. 
Those processes selected for the comparison had shown good possibilities 
from one point of view or another in previous phases of the investigations. 
In each instance the process was carried out under conditions that earlier 
work had indicated to be practicable. 

The methods studied and the conditions under which each was applied, 
as well as the protein, fat, and moisture contents of the dehydrated prod- 
ucts and their respective rehydration values, arc shown (Table 3). 

The difference in rehydration values between any two products of the 
first three listed (Table 3) appears to be of little significance. On the 
other hand, the last two — ^vacuum-rotary and freezing-cabinet — although 
relatively low in moisture and for that reason probably possessed of a 
capacity to take up somewhat more moisture, were unquestionably highest 
in rehydration value. This was true despite the fact that they contained 
the greatest percentages of fat. The indications are strong that protein 
denaturization resulting from processing was less for the vacuum-rotary 
and freezing-cabinet methods than for any of the others. 

SUMMARY 

High-protein and low-fat content or a wide protein-fat ratio, small size 
of particle, and relatively low processing temperatures contributed to higH 
rehydration values. Such values resulted from the use of the vacuum- 
rotary and freezing- cabinet methods. Relatively low rehydration values 
were obtained when the drum-air flotation, kettle-air rotary, and kettle- 
cabinet methods were employed. 
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Some investigational work has been carried out in other countries on 
the composition of mushrooms, but until recently very little information 
was available on the vitamin content or amount of other nutrients present 
in the cultivated mushroom (Agaricus campestris) grown in the United 
States. 

Anderson and Fellers (1942) reported work on the vitamin, protein, 
and inorganic constituents if the cultivated mushroom. Cheldelin and 
Williams (1942) and Brunell, Esselen, and GrifiSths (1943) also deter- 
mined the amount of various vitamins present in this mushroom, while 
Fitzpatrick, Esselen, and Weir (1946) reported data on the composition 
of mushroom protein. This investigation was part of a project carried 
out in this laboratory to gather data on the nutritive value of the culti- 
vated mushroom (Agaricus campestris) and was concerned with the carbo- 
hydrate fraction. 

Anderson and Fellers (1942) reported the proximate analysis of this 
mushroom. Nickerson and Eettew (1944) isolated and identified mannitol 
from the same variety. They reported an average of 5.5 per cent of the 
dry weight of the immature button stage and 9.9 per cent of the dry 
weight of the mature open stage recovered as mannitol. Inagaki (1934) 
found mannitol present in wild mushrooms (Agaricus campestris) in con- 
centrations of 0.93 per cent of the dry weight of the cap and 0.17 per cent 
of the stipe. So far as is known this is the only information available on 
the carbohydrate content of this variety of mushroom. Other carbohy- 
drates and poly-alcohols, such as trehalose, glucose, glycogen, sorbitol, 
pentoses, and cellulose, have been reported present in other varieties. 

EXPERIMENTAL PROCEDURE 

The mushrooms used were grown in Massachusetts by a commercial 
grower. Good-quality, large, fresh mushrooms in the closed stage were 
selected, sliced into quarter-inch pieces, and dried in a forced-draft dehy- 
drator at 65°C.(149°F.) for 12 hours. The dried product was ground in a 
Wiley mill to pass through a 60-mesh screen, then stored in hermetically 
sealed containers at 4°C.(39.2°F.) until used for analysis. The proximate 
analysis of tlje fresh, dehydrated, and moisture-free product is presented 
(Table 1). 

Twenty-gram samples of the dehydrated product were extracted, first 
with anhydrous ethyl ether (16 hours reflux), then with 80 per cent ethyl 

alcohol according to the A.O.A.C. (1940) method for analysis of sugars in 

* • ' \ 

^Contribution No. 580, MassaehuBetts Agricultural Experiment Station. 
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plants. The alcohol-soluble extract and the residue were then tested sep- 
arately for the presence of various carbohydrates by means of the common 
qualitative tests. By these tests many of the carbohydrates were found to 
be absent in the mushroom. Quantitative tests were then made for those 
carbohydrates whose presence might account for the positive qualitative 
tests. 


TABLE 1 


Proximate Analysis ‘ of Mushrooms (Agaricus eampestris) 


Oonatituent 

Fresh 

Dehy- 

drated 

Moisture- 

free 


pet. 

pet. 

pet. 

WjltfiT 

88 90 

7 39 

0 00 

Protein (N X 6.25) 

3.95 

32.99 

35..59 ' 

Fat (ether extract) 

0.26 

2.15 

2.32 , 

Extract matter (carbohydrate or starchy) 

4.75 

39.66 

42.88 

Fiber 

1.00 

8.31 

8.99 

Ash 

1.14 

9.50 

10.22 


^ Proximate analysis made through the court-esy of P. H. Smith, Feed Control Laboratory, Mass. 
Agr. Expt. Station, Amherst, Mass. 


All determinations were made on at least three samples and the an- 
alyses were run in triplicate. The results were calculated back to the fresh 
and moisture-free basis as well as for the dehydrated product ; these results 
are presented (Table 2). 


TABLE 2 

Percentage of Various Carbohydrates and Alcohols in Mushrooms 
(Agaricus eampestris ) 


Substance 

Fresh 
( 88.90 7)er 
cent water) 

Dehydrated 
(7.39 per 
cent water) 

Moisture- 
free basis 

Mannitol 

pet 

0.95 

pet. 

7.94 

pet. 

8.56 

Reducing^ 8ii}?ars (as dextrose) 

0.28 

2.30 

2.48 

0,32 

Pentoses methyl pentoses, hexuronic acids 

0.04 

0.30 

Glycogen 

0.59 

4.95 

5.34 

Crude hemicellulose 

0.91 

7.59 

8.18 

Total 

2.77 

23.08 

24.88 


Mannitol: The alcohol was driven off from the alcoholic mushroom 
extract by heating on a steam bath. Water was added from time to time 
until a concentrated solution, free from alcohol, was obtained. A waters 
insoluble precipitate was removed by filtration and then acetone was added 
to the filtrate in order to precipitate the sugars. The resultant precipitate 
was recrystalliised from acetone several times and finally from absolute 
alcohol. The substance crystallized in pure white othorhombic needles, 
arranged in clusters. Identification was made according to Huntress and^ 
Mulliken (1941). The melting point was 164,8 to 166®C. (328.6 to 330.8®F-).* 
No change was observed in a mixed melting-point determination using a 
known sample of recrystallized mannitol (E^st^aftn). The substance had a 
sweet taste and did not reduce Fehling solution. The crude hexaacetyl 
compound had a melting point of 120.5 to 122® C. (248.9 to 251.6® F.) ; after 
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two recrystallizations from ether the melting point was 124.5 to 126° C. 
(256.1 to 258.8°F.). The hexabenzoyl derivative, precipitated from alco- 
hol, had a melting point of 147.5 to 148.5°C. (297.5 to 299.3°P.). 

Reducing Sugars: The reducing power of the alcohol extract was deter- 
mined by the Lane-Bynon titration method, A.O.A.C. (1940), after the 
alcohol had been driyen off and the solution cleared by the addition of 
neutral lead acetate. No increase in the amount of reducing substances 
was found after the solution had been heated in the presence of hydro- 
chloric acid. 

Glycogen: Glycogen was isolated from the alcohol-insoluble material 
by the A.O.A.C. (1940) method for meat products. The quantitative 
determination was made by hydrolyzing the product with hydrochloric 
acid and determining the resultant dextrose. The isolated material was 
a white amorphous powder which gave an opalescent solution. It did 
not reduce Pehling solution, gave no osazone precipitate, and produced 
a red coloration on the addition of an iodine solution. 

Crude Hemicellulose: Crude hemicellulose was determined by the 
method of Weihe and Phillips (1942). The ground mushrooms were 
extracted first with a methyl alcohol-benzene mixture then with several 
portions of hot water. The material was then extracted with ammonium 
oxalate solution and analyzed for pectin, but no measurable quantity was 
obtained. The residue was partially delignified and the crude hemicellu- 
lose determined. The crude hemicellulose was analyzed and corrected for 
the presence of lignin, nitrogen, and ash. 

Furfural-Yielding Substances: The method of Tollens and Krober, as 
given by Browne and Zerban (1941), was used to determine the quantity 
of alcohol-soluble substances which yield furfural on heating with hydro- 
chloric acid. These substances include pentoses, methyl pentoses, and hexu- 
ronic acids. The determinations were made on the cleared extract. 

The reported mannitol content of Agaricus campestris is, in general, in 
agreement with the amount found in this same variety by Nickerson and 
Eettew (1944) but is much higher than that reported by Inagaki (1934) for 
wild mushrooms. There are no known data with which the other values can 
be compared. 

SUMMARY 

The principal carbohydrates and carbohydrate-like substances present 
in the cultivated mushroom (Agaricus campestris) were determined. Those 
present in the greatest quantities were mannitol, hemicellulose, glycogen, 
and reducing sugars. All together these accounted for 2.73 per cent of 
the weight of the fresh mushrooms. 
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Spoilage of canned acid foods by butyric acid-producing anaerobes has 
attracted considerable attention in the past few years. Though canned 
acid foods are not usually as subject to bacterial spoilage as are nonacid 
foods, butyric acid-producing, sporeforming anaerobes are of particular 
economic interest in canning acid foods because of the short time these 
foods are processed and the comparative high resistance of the spores of 
these organisms in acid medium. This type of spoilage has been reported 
in tomatoes, pineapple, pears, apricots, and figs. The organisms studied 
in this paper were isolated from swelled canned tomatoes, and a com- 
parison with previously described butyric acid-producing anaerobes from 
spoiled canned acid food was made. 

Spiegelberg (1936) reported a species of Clostridium which caused 
bursting of canned pineapple. Cans in experimental packs inoculated 
with it did not swell when the pH was 4.4 or below. A group of butyric 
acid-producing, sporeforming anaerobes causing spoilage in acid foods 
was described by Townsend (1939). Five strains of these organisms 
isolated from tomatoes and from pears and figs in syrup were described. 
The organisms had high tolerance for acid and sugar and were believed 
to be quite similar to Clostridium pasteurianum (Winogradsky). Two 
types of organisms were studied, morphologically and physiologically, by 
Spiegelberg (1940a,b). He concluded they were quite similar and regarded 
them as smooth and rough strains of Clostridium pasteurianum (Wino- 
gradsky). Pure-culture inoculations with both types into commercially 
canned pineapple gave swells similar to those encountered in commercial 
packs. 

EXPERIMENTAL PROCEDURE 

Cultures used for this study were obtained from canned tomatoes. The 
cans were from different sources but all were hard swells, the contents of 
which, when opened, were frothy and full of gas. Original cultures from 
these cans were made in tryptone-dextrose-yeast extract broth stratified 
with tryptone agar after inoculation. This medium is recommended by 
the National Canners’ Association for culturing organisms from spoilages 
of this type. It was found that these cultures would develop readily on 
the above medium which had been solidified by the addition of agar and 
incubated under anaerobic conditions in a Varny jar. Purification was 
accomplished by making streak plates from which representative colonies 
were picked. Thirty-one cultures were selected for study. Colonies on 
this medium were essentially of the S type, slightly convex, white to cream 
colored, round anA smooth with an entire margin. Only a few so-called 
R type colonies were observed. They differed from the previously described 
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colonies only in that they had a rough surface and irregular outline. No 
great difference was observed in the growth of these later cells in broth, 
other than a tendency to settle out more rapidly. As a test for purity, 
streak plates were made on media and incubated aerobically. No growth 
resulted. 

Before physiological tests were run on the cultures which had been 
isolated, various culture media suitable for anaerobic growth were tested. 
Stratification of media was considered bothersome, so various thioglycol- 
late media were tried. Two fluid thioglycollate media (Brewer and Linden) 
were tested. Growth as evidenced by gas formation was slow and in seven 
cultures gas failed to appear during a week’s incubation. Since the cul- 
tures grew well in the National Canners’ Association medium, this formula 
was used with the addition of a small amount of agar and sodium thio- 
glycollate. The formula for the stock medium was as follows : 


Bacto-tryptone 

Dextrose 

Bacto -yeast extract 

KaHPO^ 

Agar 

Methylene blue 

Sodium thioglycollate. 
Distilled water 


10 grams 

5 grams 

1 gram 

1.25 grams 
0.5 gram 
0.002 gram 
1.0 gram 
1,000 ml. 


The reaction was adjusted to pH 6.8 and the medium was sterilized at 15 
pounds pressure for 30 minutes. If not used immediately after steriliza- 
tion, the tubes were exhausted for five minutes in flowing steam before 
inoculation. For stock cultures a small amount of calcium carbonate was 
added to the original medium before sterilization. 

In order to determine whether physiological tests could be made in 
this thioglycollate medium, comparison was made using medium containing 
thioglycollate and the same medium without thioglycollate but stratified 
with agar. Duplicate tubes of each of the experimental media using dex- 
trose as the test sugar were inoculated with the 31 cultures. In all cases 
growth and gas were produced readily in both media and in essentially 
the same time. 

To further test the value of this thioglycollate medium for primary 
isolations from spoiled tomato products, tests were run in the two media 
using decimal dilutions of this product. In this way the relative ability 
of the two media to permit development of spores when present in decreas- 
ing numbers was tested. One milliliter of each decimal dilution was used 
as an inoculum. Eleven cans were chosen for this test. Cultures from nine 
of the 11 test cans gave the same results after five days’ incubation; how- 
ever, in cultures from five of these nine cans gas production was delayed 
24 to 48 hours in the thioglycollate medium. In the other two test cans 
the 1-10,000 dilutions were positive in the stratified agar tubes, whereas 
the thioglycollate medium gave positive gas production in the l-l,00ff 
dilution but not in the 1-10,000 dilution. 

Both Townsend and Spiegelberg have reported Clostridium pasteura- 
nium as a significant spoilage organism in acid foods. In order to compare 
organisms isolated from the cans of spoiled tomatoes used in this study 
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with previously described spoilage organisms, cultures of Closiriddum 
pasteurianum were secured from the American Type Culture Collection. 
Since Clostridium hutyricum is a closely related, butyric-acid anaerobe, a 
culture of this organism w^as run for comparison. Following is the history 
of the cultures used : 

No. 7040 Clostridium pasteurianum Strain 57 

Isolated from spoiled pineapple by Spiegelberg. 

No. 7041 Clostridium pasteurianum 

Isolated from spoiled pineapple by Spiegelberg. 

No. 6014 Clostridium hutyricum 

Elizabeth McCoy, who received it from the Krai 
Collection in Vienna. Strain 97. 

(Cultures were received in liver-infusion, semisolid media with vaseline 
seal. Colonies obtained from plating these cultures were of the same types 
as colonies produced by spoilage organisms isolated in this work. Organ- 
isms from these colonies grew and produced gas in the thioglycollate 
medium. 

MORPHOLOGICAL CHARACTERISTICS 

Morphologically no difference between the 31 selections from the spoiled 
tomatoes and the cultures of Clostridium pasteurianum and Clostridium 
hutyricum obtained from the American Type Culture Collection could be 
observed. All were rods with rounded ends, giving a positive gram reaction 
in young cultures which tended to become gram negative in older culture. 
The granulose reaction was positive, showing the characteristic blue violet 
stain. Spores were formed in the media. Dorner^s spore stain indicater 
spores to be oval to round, usually terminal to subterminal. The cells were 
swollen during sporulation and in the cultures of Clostridium pasteurianum 
the spore envelope was retained longer than by the other cultures. 

CULTURAL AND PHYSIOLOGICAL TESTS 

Growth of all cultures was best at 25 to 30°C.(77 to 86®P.), slow growth 
occurred at 37®C.(98.6°F.), whereas no growth resulted when tubes were 
incubated at 55®C.(131°F.). 

Litmus Milk Cultures: Whole milk (not homogenized) to which litmus 
was added was used. The cream was allowed to rise to the top to form a 
seal. Cultures from spoiled tomatoes and the culture of Clostridium huty- 
ricum produced acid, gas, and reduction in 24 to 48 hours with definite 
curd formation in 72 hours. Cultures 7040 and 7041 {Clostridium pas- 
teurianum) gave only slight acid, gas, and reduction and formed no 
curd. Results from this test indicate a difference between the cultures of 
Clostridium pasteurianum and those isolated from the spoiled tomatoes 
examined in this work. 

Gelatin: None of the cultures tested gave liquefaction in plain gelatin. 

Fermentation Tests: For fermentation studies a basal medium was 
prepared, as previously described, with the exception that dextrose was 
omitted. It was tubed in nine-ml. amounts. This basal medium and the 
test materials wel'e sterilized separately. Then one ml. of the material to 
be tested was added aseptically to the basal medium. All sugars and other 
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test materials were added so that the final concentration was one per cent. 
After the basal medium and test substance had been combined they were 
incubated 48 hours at 25®C. before inoculation to determine sterility. The 
medium was then inoculated with 0.5 ml. of the various cultures and incu- 
bated at 25® C. until positive results were obtained, or for two weeks, 
before being considered as negative. Positive results were turbidity with 
gas production. The results of these tests are shown (Table 1). 


TABLE 1 

Fermentation Studies on Cultures Isolated From Spoiled Tomatoes in Comparison With 
With Clostridium pasteurianum and Closiridmm hutyricum 


Material tested 

:u 

Cultures 

isolated 

from 

tomatoes 

Clostridium 

pasteuriarvum 

dostridium 

butj/ricurn 

No. 7040 

No. 7041 

Arabinose 






+ 

Xylose 


— 

— 

4- 

Dextrose 


-f 


4- 

Galactose 

-h 

+ 


+ 

Sucrose 

+ 

-f 


4- 

Lactose 

+ 


— 

4- 

Maltose 

+ 

-h 

+ 

4- 

Kaffinose 

+ 

4- 

4- 

4- 

Dextrin 

+ 


±: 

4 

Starch (soluble) 

-4- 

— 

— 

4 

Inulin 

+ 

4- 

4- 

4 

Mannitol 

-4- 

■4- 

4- 

4 

Glycerol 

— 

-h 

■f 

— 

Ralacin 

+ 

— 

— 

4 


'4* meanR growth with gas production; — means no grow'th, no gas production; 4! nieans slight 
growth with smnll amount of gas production. 


The cultures isolated from spoiled tomatoes fermented arabinose, 
xylose, lactose, salacin, and starch, whereas cultures of Clostridium pets- 
teiirianum did not attack these substances. Glycerol was fermented by 
Clostridium pasteurianum but not by cultures isolated from spoiled 
tomatoes. The fermentation reactions of Clostridium hutyricum were 
similar to those of organisms causing spoilage in tomatoes. Mannitol 
fermentation by these organisms was less vigorous than that obtained 
from cultures of Clostridium petsteurianum. Other fermentation reactions 
were similar for all organisms tested. 

Results of investigation reported in the literature has indicated that 
Clostridium pasteurianum can be differentiated from many of the other 
butyric-acid anaerobes on the basis of starch hydrolysis. To test this 
property a corn-mash medium was prepared consisting of five per cent 
yellow corn meal in water. This was sterilized and the tubes were sealed 
with sterile mineral oil after inoculation. Incubation was at room tempera- 
ture and the cultures were held for two weeks before final readings were 
made. Cultures from spoiled tomatoes and Clostridium hutyricum pro- 
duced gas in 24 to 48 hours and had digested a large per cent of the corn 
starch at the end of two weeks. The two cultures of Clostridium pasteuri- 
anum produced no gas and no digestion of the starch during this period. 
These cultures were held two weeks longer with no change. 
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No attempts were made to determine the ability of these cultures to 
produce solvents or their ability to fix atmospheric nitrogen. 

Tests for Spoilage of Tomato Products: To check the ability of these 
organisms to cause spoilage in tomatoes all cultures, including the two of 
Clostridium pasteurianum and the culture of Clostridium hutyricum, were 
inoculated into tomato juice which was made anaerobic by means of a 
vaseline seal. Considerable variation in the time was required for the 
spoilage to occur. After the first five days one culture of Clostridium 
pasteurianum, the culture of Clostridium hutyricum, and 20 of the 31 test 
cultures previously isolated produced growth as indicated by lifting of 
the vaseline seal by the gas produced. Six more cultures became positive 
after two weeks of incubation. The other five cultures and one culture of 
Clostridium pasteurianum were not positive at the end of a month. Sub- 
cultures made from these negative tubes into thioglycollate-yeast extract 
medium used in the previous tests gave good growth with gas produc- 
tion, indicating that spores were still present even though they had not 
developed. 

Thermal Death Time Study: Of interest to packers of tomato products 
is the thermal death time of organisms causing spoilage in this product. 
To determine the thermal resistance of the cultures isolated from cans of 
spoiled tomato products eight cultures were chosen. They were grown in 
tryptone-dextrose-yeast extract agar containing calcium carbonate, under 
an anaerobic seal until a large number of spores were in evidence by 
microscopic examination. These cultures were then aged for one month 
in the culture medium before thermal death time tests were made. At this 
time spore suspensions were prepared in sterile water, heated to 80° C. 
(176°F.) for 10 minutes, and standardized so that they contained approxi- 
mately 100,000 spores per ml. 

Determinations were run in tomato juice having a pH of 4.4. In run- 
ning heat resistances, the tomato juice in nine-ml. amounts was placed in 
a large Pyrex test tube and closed with a cotton stopper. This was placed 
in a water bath at the various temperatures used. After the juice had 
reached the proper temperature, one ml. of the spore suspension was 
added and uniformly mixed. At five-minute intervals one ml. of the 
tomato juice was removed and added to the basal thioglycollate medium. 
Tubes were incubated at room temperature; the final reading of results 
was made after two weeks’ incubation. Three temperatures *were used: 
80, 90, and 100°C.(176, 194, and 212°P.) ; results are given (Table 2). 


TABLE 2 

Thermal Death Time of Organisms Isolated From Spoiled Tomatoes 


Number 

Temper- 

ature 

heated 



Time in minutes 



cultures 

0 

6 

10 

16 

20 

25 

30 

8 

®C7. 

80 


- + 

+ 

-t- 

+ 

+ 

+ 

8 

90 

+ 

+ 

+ 

-f 


•f 

+ 

5 

100 

+ 

+ 

— 

— 

— 


— 

3 

100 N 

+ 

+ 

+ 

— 

— 

— 

— 


means iprowth in subcultures; •— means no growth. 
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Results show that the organisms can withstand 80 and 90® C. for longer 
than 30 minutes since positive cultures were obtained from all the transfers 
made at these temperatures. At boiling temperature in tomato juice five 
of the cultures survived for five minutes but were destroyed in 10 minutes. 
Three of the cultures were slightly more resistant. The thermal death 
times obtained on these cultures are quite similar to those reported by 
Townsend (1939) and Spiegelberg (1940a) for cultures of Clostridium 
pasteurianum isolated from spoiled foods. 

DISCUSSION 

The literature reveals variable results on the cultural reactions of the 
butyric-acid anaerobes. In our tests with Clostridium pasteurianum re- 
ceived from the American Type Culture Collection and originally from 
Spiegelberg (1940a) the results obtained were identical with those reported 
by him for these cultures. 

No attempt will be made to review the complete cultural reactions of 
this group of organisms but some characteristics will be discussed. Using 
lactose as the test sugar Waksman (1927) obtained fermentation with 
Clostridium pasteurianum, whereas Bergey, Breed, Murray, and Hitchens 
(1939), Spiegelberg (1940a), Townsend (1939), and Weinberg, Nativelle, 
and Prevot (1937) report negative results. McC’oy, Peterson, and Hastings 
(1930) report both positive and negative results depending on the strain 
used. In our tests Cultures 7040 and 7041 (Clostridium pasteurianum) 
gave no fermentation. The 31 cultures isolated from tomatoes and Culture 
6014 (Clostridium huiyricum) fermented lactose. 

Glycerol fermentation as reported by various workers is even mon* 
variable. Cultures 7040 and 7041 (Clostridium pasteuriamim) fermented 
glycerol, which is in accordance with the results of Waksman (1927) and 
Spiegelberg (1940a). However, McCoy al. (1930), Bergey (1939), Town- 
send (1939), Weinberg ct al. (1937), and Bodily (1938) contend this organ- 
ism does not ferment glycerol. Culture 6014 (Clostridium huiyricum) and 
the cultures used in this work did not ferment glycerol. 

Weinberg, Nativelle, and Prevot (1937) report that they obtained 
different reactions wdth some test substances when they used a peptone 
medium compared with an (NH 4 )i.S 04 medium. This may be a partial 
explanation of the variable results obtained by different workers. Another 
explanation of the variabilities may be that with some substances the pro- 
duction of gas is extremely slow. This observation was made during the 
cultural test run on these organisms ; for example, in raffinose some of the 
cultures did not give positive results until after 120 hours of incubation. 

Bergey (1939) indicates there is very little difference between Clos- 
tridium pasteurianum and Clostridium huiyricum. The differentiating fac- 
tor is that Clostridium pasteurianum does not ferment starch, whereas 
Clostridium huiyricum does. Cultures 7040 and 7041 (Clostridium pas- 
teurianum) gave negative results in soluble starch. The cultures isolated* 
from spoiled tomatoes and Culture 6014 (Clostridium hutyricum) gave 
positive results. 

McCoy et al. (1930) believes that growth in corn mash is one of the 
most important cultural characteristics of butyric organisms. Their reports 
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indicate that Clostridium pasteurimum does not liquefy corn mash and 
produces only a small amount of gas. Our results on Cultures 7040 and 
7041 {Clostridium pasteurianum) concur with the results reported by 
McCoy. The cultures isolated for this study and 6014 {Clostridium buty- 
ricum) produced gas rapidly and caused a digestion of the corn mash. 

Throughout this comparative work only the one strain of Clostridium 
buty ricum was used. The 31 cultures of butyric-acid anaerobes isolated 
from cans of spoiled tomatoes and used for this study agree closely with 
the morphological and physiological characteristics of this culture of CIos- 
tridium butyricum. They differ from the two cultures of Clostridium pas- 
teurianum in their ability to ferment arabinose, xylose, lactose, salacin, and 
soluble starch. They also produced gas, acid curd, and reduction in litmus 
milk and digestion of corn mash with gas production, further characteris- 
tics which differentiate them from these later organisms. 

SUMMARY 

Cultures of butyric acid-producing, sporeforming anaerobes isolated 
from swelled spoiled canned tomatoes have been studied. A thioglycollate 
medium suitable for isolation and studying of cultural characteristics has 
been described. A comparison of these organisms with cultures of Clos- 
tridium pasteurianum and Clostridium butyricum has indicated that on 
the basis of cultural reactions the spoilage organisms isolated were more 
closely related to Clostridium butyricum than Clostridium pasteurianum. 
Thermal death time studies indicated that the spores produced by these 
organisms had a rather high resistance to heat under acid conditions. 
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OP DEHYDRATED FRUIT PRODUCTS^ * 
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(Eeceived for publication, February 16, 1946) 

The acceptance of dehydrated fruits and vegetables depends upon the 
general appearance, flavor, and eating quality of the rehydrated, cooked 
food. An index of quality which depends upon some constituent of the 
dehydrated food products would be desirable. An index of this nature 
could be used by the processor in improving his methods and it could 
serve as a guide to the wholesale purchaser. Deterioration* or the aging 
of a product could also be followed. The pectinic acids, as one constituent 
present in fruits or fruit products, may offer such an index of quality. 
Pectinic acids have been extracted, therefore, from several dehydrated 
products in order to investigate their possible relationship to quality. The 
results are recorded herein. 

METHOD OF EXTRACTING PECTINS 

The pectins were extracted from dehydrated fruits and vegetables by 
the method which produced an extraction liquor of the highest viscosity. 
It has been found that polyphosphates have a sequestering action for cal- 
cium which is advantageous when used in the extraction of pectin, Baker 
and Woodmansee (1944) and Maclay and Nielsen (1945). Since poly- 
phosphates are valuable in the extraction of pectins above pH 3, sodium 
hexametaphosphate was used at its optimum concentration in the present 
experiments following a brief survey of the best conditions of acidity and 
boiling time for the extraction of pectin from each of several dehydrated 
products. The following example will serve to illustrate the survey pro- 
cedure as applied to dehydrated apricots. 

Twenty-gram samples of dehydrated apricots (blanched, dehydrated 
apricots, 1945 crop, held in cold storage) were soaked in 180 ml. of water 
for one hour and then broken down to a fine particle size in a Waring 
blendor through five minutes of blending action. The finely divided sample 
was extracted by boiling for five minutes with various amounts of sodium 
hexametaphosphate (0 to 5 per cent domestic Calgon) with or without the 
addition of acid (0 to 5 ml, N/1 HCL). In the case of this apricot sample 
the optimum condition for extraction, as determined from a series of six 
trials, was the presence of 2.5 per cent polyphosphate based on the weight 

^ The Bubject matter of this paper has been undertaken in co-operation iieith the 
Quartermaster Corps Committee on Food Eesearch. (Problem resulted from an inquir;^ 
by Br. Gertrude Gottsehall, Quartermaster Corps Subsistence Eesearch and Development 
Laboratory.) 

‘Published as Miscellaneous Paper No. 8 with the approval of the director of the 
Delaware Agricultural Experiment Station. Contribution of the Department of Chemis- 
try, January 18, 1946, 

* Special Assistant. 
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of the dehydrated fruit without added acid; the pH was 4.12. Under 
these conditions, an extraction liquor was obtained which had a relatiYC 
viscosity (Ostwald) of 6.42 at 26®C.(78.8®F.). 

Following the establishment of optimum conditions of acidity and poly- 
phosphate concentration as determined by optimum viscosity, additional 
samples were extracled under similar concentrations of extraction ingredi- 
ents, but the time of extraction was varied from five to 15 minutes. When 
this was done in the case of this apricot sample, it was found that boiling 
10 minutes produced the highest viscosity in an extract. 

Since the actual grade of the pectin present in the dehydrated fruit or 
vegetable product was of primary interest, it was necessary to extract and 
prepare several grams of pectin from each dehydrated product. This was 
done by extracting 100 gm. of the dehydrated fruit. In the case of the 
same apricot /example discussed in the above paragraphs, 100 gm. of the 
dehydrated apricot was soaked for one hour with 900 ml. of water contain- 
ing 2.5 gm. domestic Calgon at 26° C., and then it was blended in the 
Waring blendor the same as the earlier, smaller-sized preparations. The 
blended product was boiled for 10 minutes, then the extract was strained 
and pressed through coarse muslin. The strained liquor was clarified by 
passing through a filter pad consisting of coarse filter paper and 60 gm. 
of Johns Manville Standard Super-('el placed on a 10-inch Buchner funnel. 
A like amount of filter-aid was mixed with the strained liquor. Suction 
was applied to aid the clarifying filtration. The pectin in the clarified 
liquor was precipitated in twice its volume of 90-per cent isoi)ropyl alcohol. 
Following precipitation the pectin was recovered by filtering, using closely 
woven muslin ; it was pressed as dry as possible and then washed, in turn, 
with 100 ml. of the alcohol and 100 ml. of ethyl ether. The pectin was dried 
at 60°C.(140°F.) for 20 hours. The yield, methoxyl content, viscosity, and 
appearance of the pectin were recorded. The grades of the pectins were 
calculated from the viscosities of 0.5-per cent solutions by the formula — 
grade = 200 (log y — 0.2), where y = the viscosity of a 0.5- per cent 
solution of pectin. 

RESULTS 

The pectins extracted from the dehydrated white potatoes, sweet pota- 
toes, beets, raisins, currants, prunes, and pears were all found to have low 
viscosity values; all except prunes had less than a relative viscosity of 2 
for 0.5-per cent solutions at 26° C. One sample of seeded prunes had a 
relative viscosity of 3.65, but the other two samples had a viscosity of less 
than 3. These samples were considered worthless for purposes of correla- 
tion until further dehydrated products were evaluated. 

Pectins extracted from samples of freshly dehydrated and from three- 
year-old dehydrated carrots had relative viscosities in one-per cent solution 
at pH 6.3 of 5.63 and 1,66, respectively. This would indicate grades of 
55 and 2 when compared with the grades of pectins of commerce where 
100-grade pectin is pectin which will support 100 pounds of sugar per 
pound of pectin as a 65-per cent soluble-solids gel of standard strength at 
its optimum pH of gelation. Upon giving the freshly-dehydrated carrots 
a rating of 100 as far as quality and texture were concerned, the three- 
year-old sample would rate about four. These ratings represent a good 
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index of the texture and quality of the dehydrated carrot samples at the 
time of examination. 

The pectins obtained from the apple, apricot, and peach products were 
of higher grade and more suitable for correlation with the quality and 
texture of the prepared, dehydrated products. The results of their exami> 
nation are given in the table. Correlations between the quality of fruit, 
which represents the averages of judgment by five individuals, and the 
grade of the pectin as calculated from viscosity are illustrated by the 
curves in the figure. A rating of 100 for quality is considered as very good, 
while 0 is considered to represent a worthless product. 


TABLE 1 

Qtiality of Dehydrated Fruit as Belated to Grade of Pectin 
Present in Fruit Tissue 


Kind of 
fnilt 

Shelf history 

Amount 

pectin 

extracted 

Viscosity 

0.5%: 

solution 

26®C. 

Calcu- 
lated 
^radc of 
pectin 

OH,0 

Quality 
of fruit 
(100= 
very 
good) 

Apple 1 

1944-cold storage 

pet. 

1.74 

9.3 

154 

pet. 

6.8 

90 

Apple 

1042-cold storage 

1.65 

6.8 

126 

6.8 

65 

Apple 

( ?) '42 or ’4.3 

1.16 

5.5 

108 

4.6 

50 

Apple 

Pacific theatre 

1.93 

3.9 

72 

6.5 

20 

Apricot 

1045-1 lehydrated Fruit Assoc. 

2.31 

24.6 

248 

6.7 

100 

Apricot 

1 945- d rum *d r i ed 

3.75 

10.9 

190 

5.9 

80 

Apricot 

1044-blanchod, cold storage 

3.42 

7.2 

132 

6.8 

75 

Apricot 

1945-blaucbed, cold storage 

2.80 

4.7 

94 

6.4 

65 

Apricot 

1 044-eold storage 

4.44 

4.2 

84 

6.1 

45 

Apricot 

1 044-vacuum-dried 

3.17 

3.9 

78 

5.9 

30 

Apricot 

Pacific theatre 

4.37 

3.5 

68 

4.7 

15 

Peach 

1044-blanchod, cold storage 

3.71 

4.8 

96 

4.7 

90 

Peach 

1944-cold storage 

4.06 

3.5 

68 

4.3 j 

60 

Peach 

1044-cold storage 

4.36 

2.3 

32 

4.6 I 

30 

Peach 

(?) Pacific theatre 

4.03 

2.3 

32 

3.4 j 

10 


The results sliow that there are good correlations between pectic qual- 
ity and product quality for these particular fruits — apples, apricots, and 
peaches. Some level of acceptability has to be taken for the quality of 
fruit. In practice this might be 60. Below this level of acceptability the 
dehydrated products are worthless from the edibility standpoint. It can 
be assumed that the viscosity of pectin extracted from fruits will be a good 
index of edibility. This is because the viscosity of pectin solutions of con- 
stant concentration, in this case 0.5 per cent, is an index of degree of 
polymerization of the pectin. The degree of polymerization of pectin ap- 
pears to be a good index of the treatment and conditions of storage which 
the pectin has undergone whether it is still present in vegetative tissues 
or extracted from such tissues and held in liquid or powdered form. It is 
unnecessary to convert the viscosity values to grade except in order to* 
convey a better conception of quality of the pectin to the reader who is 
interested in production and who is unfamiliar with viscosity as a term. 

Straight lines are found when the values for apples and peaches are 
plotted. The figure shows that the values for the apricots do not produce 
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a smooth curve; however, when grade is multiplied by methoxyl content 
of each particular pectin then a smoother curve is obtained. Pectin loses 
its methyl ester content at a rate depending upon storage conditions of 
moisture, temperature, and acidity. It is possible, therefore, to have two 
indices of deterioration — grade and methoxyl content. However, grading, 
or viscosity, appears to be a better index when the results presented at this 
time are considered. 



Fig. 1. Quality of dehydrated fruit as judged by grade of peetins present in its tissues. 


CONCbXJSION 

A study of pectinic acids as related to the texture and quality of dehy- 
drated fruits and vegetables has shown that grade (as calculated from 
viscosity) of pectins present in the dehydrated products may be an index 
to their quality. A straight-line relationship was found in the case of 
apples and peaches but not with apricots. Dehydrated carrots, apparently, 
can be graded in this same manner. The viscosities of solutions of pectins 
obtained from samples of dehydrated white potatoes, sweet potatoes, beets, 
raisins, currants, prunes, and pears were too low for correlation with eating 
quality. 
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It has been found in this laboratory, Porter, Wharton, and Beltz 
(1944), that certain vegetables, after cooking, have more carotene per 
100 grams dry weight than the corresponding fresh vegetables. Booher, 
Hewston, and Marsh (1941), examining leafy vegetables and green beans; 
MacLeod and Utley (1937) and MacLeod (1939), sweet potatoes; and 
Richardson and Mayfield (1940), peas, found more carotene in the cooked 
product than in the fresh whether determined by biological or chemical 
methods. This has been explained as resulting from (1) destruction of 
carotene owing to enzymatic action in the fresh vegetables; (2) greater 
availability of carotene to the animal by the increased digestibility of 
the cooked product; and (3) high values for carotene owing to the caro- 
tenoid pigments included in the carotene extracted from cooked vegetables. 
It is dilBScult to believe that increases in carotene concentrations of 30 
per cent in cooked vegetables can be explained either as increased availa- 
bility or as errors of analysis. 

Most investigators have calculated the nutrients of fresh and processed 
vegetables per unit of dry weight of vegetable. This method of evaluation 
may result in misleading interpretations which are more evident with the 
slightly soluble nutrients, not appreciably destroyed by cooking. In this 
procedure it is usual to use drained weight of cooked vegetable and discard 
the cooking liquid. A transfer of nutrients to the cooking liquid in proc- 
essing may occur either by solution or by washing from the broken plant 
cells. Usually the proportion of water to vegetable is relatively large, so 
that, although a considerable amount of the nutrient may be in the 
cooking water, it becomes impractical to determine the concentration. It 
frequently is difficult to drain many cooked vegetables quantitatively so 
the cooked weight upon which the calculation of per cent of solids is based 
may be unreliable. Moreover, the methods for determination of moisture 
are empirical. Plant material is colloidal in nature and, therefore, it is 
likely that its moisture determination by routine laboratory methods does 
not include all of the water, since a fair percentage of the moisture is 
bound water, not readily removed. Cooking breaks down this colloid struc- 
ture and water may no longer be retained as bound water on drying. 

* Journal Article No. 774 n.s., Michigan Agricultural Experiment Station. Work 
undertaken as part of the National Cooperative Experiment Station Project on '^Con- 
serration of Nutritive Values of Poods.'' 

* Present address : Department of Home Economics, University of Chicago. 

. 133 



134 


PORTER, WHARTON, AND BENNETT 


Benne (1942) stated that carotene values, if expressed on the water- 
free basis, should permit a comparison of relative concentrations within 
different samples of fresh crop plants if the moisture contents could be 
determined with perfect accuracy. If an actual moisture content of 90 
per cent is assumed, however, an error of one per cent in its evaluation 
would cause a variation of 10 per cent in the carotene value expressed on 
a relative-weight basis, and in this way differences in carotene content 
really caused by other factors might be concealed. 

Since the apparent increased concentration of carotene in cooked veg- 
etables has been inadequately explored, the problem reported here was 
undertaken. 

EXPERIMENTAL PROCEDURE 


Spinach used for this experiment was purchased on the local market 
during the months of December, January, February, and June. Leaves of 
approximately the same size were washed in distilled water, dried with 
cheesecloth, and the petioles and midribs removed. Leaves from each lot 
were clipped with shears into approximately one -centimeter squares, 
dropped into a paper bag, and shaken to mix. Samples were weighed 
at once and analyses made in duplicate. 

A four-serving portion of greens (400 gm.) was cooked in twice its 
weight of boiling water in a three-quart enamelled saucepan. Five- and 
10-gram samples for carotene and moisture tests, respectively, were put 
in bags of cheesecloth, parchment, and perforated parchment and cooked 
in the saucepan with the four-serving portion (Table 1). A second experi- 
ment was conducted in which fresh samples were cooked for 15 minutes 
in twice their weight of water in sealed, impervious, pliofilm bags. Mois- 
ture and carotene determinations were made on both the entire contents 
of the bag and the drained solids (Table 2). Samples from the cooked 
four-serving portion were taken by means of glass boring tubes, one-half 
inch in diameter, pressed through a well mixed and compact layer of 
greens, and their weights were determined. The small samples which were 
cooked with the four-serving portion were drained as nearly as possible 
to the same degree as the large one and the cooked weights obtained. 
Moisture was determined on all samples by drjdng at 95 to 105°C. (203 to 
221 ^F.) for 24 hours. 

The Petering, Wolman, and Hibbard (1940) procedure, modified to 
use a Waring blendor for producing a fine dispersion of the plant material 
in absolute alcohol, was used to measure carotene. The standard carotene 
curve was made with a mixture of 90 per cent beta and 10 per cent alpha 
(S.M.A. Corp.) carotene. 


Correlation coefficients were determined for the fresh and cooked caro- 
tene values .and, since these values are correlated, a linear regression was 
obtained. For the regression equation y — cs, the regression coefficient c 


was obtained from the formula C = 


5xy 

Sx- 


where y — mg. of carotene 


per 100 grams of dry weight of fresh spinach and x = mg. of carotene per 
100 grams dry weight of cooked from the same lot. The *'t’’ values for 
correlated data also were calculated. 
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RESULTS AND DISCUSSION 

The effects of the various cooking processes upon the carotene content 
of spinach are tabulated (Table 1). Treatments 1 to 5, inclusive, were 
done with spinach purchased in January and February; Treatments 6 
and 7 were December samples. Each treatment was replicated six times, 
duplicate tests being made on each replication. The first and second col- 
umns present the carotene concentration of the raw and cooked samples, 
respectively, calculated per 100 grams of dry weight using the value for 
total solids determined for each case ; the third column shows the per cent 
apparent change in carotene of the cooked sample ; the fourth, the carotene 
values of the same samples calculated on their uncooked weight; and the 
fifth, the per cent difference of this value from that of the original fresh 
sample. Columns 6 and 7 give the total solids of the fresh and cooked 
samples. The mean errors of the average values for carotene and solids 
also are included. 

The carotene concentration of the cooked four-serving portion (Treat- 
ments 1 and 6) showed highly significant gains over that of the corre- 
sponding fresh vegetable when the dry weight of the fresh and cooked 
vegetable, respectively, were used for calculation. 

Since the cooked weight could be affected by the amount of water left 
in the product after one minute of draining in the colander, the cooked 
spinach was drained with suction on a Buchner funnel. Complete drainage 
could not be obtained because this method still did not remove the water 
trapped between the leaves, even though the spinach was cut and turned 
while suction was being applied. The results obtained (Treatment 2), 
although less consistent, showed significantly higher carotene concentra- 
tions in the cooked vegetable. 

Halliday and Noble (1943) suggested that small samples of vegetables 
be weighed into cheesecloth bags and cooked with a large sample. This 
was done in Treatment 3 ; after cooking, the samples were drained and 
weighed. 

Inasmuch as the sample could not be removed quantitatively from the 
bag, the cheesecloth had to be included in this weight and the W'eight cor- 
rected. Carotene was determined after the sample and bag were extracted 
in a Waring blendor and the results were not significantly different from 
those obtained on fresh spinach. That the results were not too consistent 
is shown by a mean error of 6.1 and 5.1, respectively. 

For Treatment 4, the weighed samples of fresh spinach were put into 
finely perforated parchment bags and cooked with the four-serving portion. 
Since the perforations of the parchment permitted free interchange of 
liquids inside and outside the bag, the cooking conditions should be identi- 
cal with those of the large sample. The carotene was calculated on the 
basis of the solids in both the fresh and cooked sample as in Treatment 3. 
The average carotene content calculated from the cooked weight of vege- 
table showed a gain of 33 per cent above that of the fresh value, which 
was a significant increase. When carotene was calculated from the weight 
of fresh vegetable placed in the bag, there was an average loss of 2.5 per 
cent. These results indicate that the cooking process in itself does not 
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increase the carotene content, but the increase is an apparent one owing 
to the fact that the weight of the cooked and fresh product are not com- 
parable either before or after drying. 

In Treatment 5, the spinach was cooked in parchment bags, drained, 
the liquid discarded, and the carotene determined in the drained solids. 
The results were similar to those of Treatment 4. DifiSculty in obtaining 
uniform drainage is indicated by the fact that the carotene values calcu- 
lated on the fresh weight have a mean error of 3.1 and on the cooked 
weight, 6.4. 


TABLE 2 

Carotene and Total Solids of Spinach (Five-Gram Sample) 
Coolced in Sealed FliofClm Bags 


Treatment 

1 Carotene per 100 ^ams dry weight 

Total lolids 

Fregb 

Cooked 

Differ- 

ence 

Calcu- 
lated on 
uncooked 
weight 


Fresh 

Cooked 


mg. 

mg. 

pet. 

mg. 

pet. 

mm 


1. Entire contents analyztMi 

55.7* 

5.^.5' 

4.0 

52.2* 

—6.3 



2. Drained contents analyzed.... 

65.7* 

75.7*‘* 

-1-35.8 


—4.3 

mim 



^ Repreflenta the average of four replications in duplicate. * Represents the averaffe of three 
replications in duplicate. ‘The probability that this is a chance variation from the fresh is 1/100. 


In Treatment 7, weighed samples of fresh spinach were placed in 
parchment bags and cooked with the four-serving portion. The entire 
contents of the bag were analyzed for carotene. These results were 4.8 
per cent lower than those obtained with the fresh spinach, which was, not 
a significant difference. Because the various treatments reported (Table 1) 
indicated that the gain in carotene w^as apparent rather than real, further 
work is reported (Table 2). Since pliofilm is impervious to water, it is 
possible to cook small samples in sealed pliofilm bags in an amount of 
water proportional to that used for the 400-gram sample. The cooking 
conditions are not identical to those of the four-serving portion since the 
contents of the bag had contact only with trapped air which may or may 
not be important. 

When the entire content of the bag was analyzed, the carotene of the 
cooked spinach was not significantly different from that of fresh, regard- 
less of whether the total solids of the fresh or cooked portion were used in 
calculation. In the cooked samples, when the liquid was drained off and 
the spinach weighed and analyzed, there was a 36-per cent gain in carotene 
over that of the fresh, which was significant. When the latter determina- 
tions were calculated on the basis of the fresh weight of spinach, however, 
there was no gain in carotene. These data further confirm the observation 
that there is no actual increase in the carotene owing to cooking and that 
no significant amount is washed into the cooking water, but that the ap- 
parent gain is due to a difference in the solids of the fresh and cooked 
vegetable. It is apparent (Table 2) that approximately a fifth of the 
total solids of spinach are lost in the cooking water. Where the cooking 
water is included in the determination of solids, however, the value is still 
lower than that found in fresh spinach. In 12 cooking trials, where per 










138 


POBTEB, WHARTON, AND BENNETT 


cent total solids of the cooking water and of the cooked vegetable were 
determined independently, the sum of the two in no case equalled the total 
solids determined for a 100-gram portion of raw vegetable. Dilferences 
varied from two to 19 per cent. Thus, even though the cooking water is 
analyzed and the solids lost in this way considered in the calculation, a 
procedure which is hot always practical and not routinely practiced, dry 
weight is a variable measure dependent upon the physical structure of the 
product dried. 

Benne (1942) pointed out that a small change in total solids would 
produce a much greater change in the apparent concentration of a nutrient 
such as carotene which occurs in small amounts. It would appear that this 
artifact would apply to all nutrients and not just to those which are water 
insoluble and not destroyed appreciably by ordinary cooking procedures. 
However, to demonstrate this, it will be necessary to consider both the 
concentration in the cooking water and the destruction during cooking. 

A correlation coefficient of 0.833 was found between the average caro- 
tene content of all samples of fresh and cooked spinach when expressed 
in terms of dry weight of vegetables. The linear relationship (y = ex) 
of the carotene content of the fresh spinach on that of the cooked is shown 
(Fig. 1). The regression coefficient is 0.761 and the error of estimate 5.16 
mg. If the obtained carotene concentrations of the cooked vegetable are 
multiplied by 0.761, the values are no longer significantly different from 
the fresh. 

Since the data (Tables 1 and 2) have shown that any small variation 
in the determination of total solids causes a much greater difference in the 
carotene content, it was considered advisable to compare the raw and 
cooked carotene concentrations per 100 grams moist weight. The linear 
regression of the carotene in fresh on that of cooked spinach is shown 
(Fig. 2). The regression coefficient is 0.897, the error of estimate 0.706 
mg., and the correlation coefficient 0.926. Fifty per cent more of the cook- 
ing trials fell within the area bounded by ±: 1 error of estimate when 
moist weight was used as a basis for calculation. It would seem not only 
that it is unnecessary to do moisture determinations in order to make 
comparisons between raw and cooked samples but if the relationship be- 
tween the carotene in the raw and cooked vegetable is once established, 
carotene concentration of the cooked product may be predicted more pre- 
cisely from the carotene of the raw vegetable than it may be determined 
if expression of the result depends on the measure of dry weight. 

The regression for each type of processing would need to be established. 
However, if this relationship were known, fresh material could be analyzed 
and information obtained concerning the cooked product by applying a 


constant obtained by the relationship 


Sxy 


For example, in the case of 


the described method for home-cooked spinach, this factor would be 1.30. 

Since there were data on green beans and Swiss chard available from 
earlier studies in this laboratory, similar analyses of the relation between 
the carotene of the raw and cooked vegetables were made ; the results are 
recorded (Table'^ 3). In all the Swiss chard data six grams of sodium 
chloride for each four-serving portion were used in the home-cooking pro- 
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Pu>. 1. KoKrossion of carotone ('onconlration in milligrama per 100 grams dry 
weight of raw and cooked spinach. (X represents actual values obtained.) 



Fio. 2. Begression of carotene concentration in milligrams per 100 grams moist 
weight of raw and cooked spinach. (X represents actual values obtained.) 
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cedures, and for the institution cooking, 9.1 grams for each 30 servings. 
The canned green beans also contained salt but not the other processings. 
In most cases there were only four replications of triplicate determinations 
and this could scarcely be considered sufficient data for conclusions. How- 
ever, in every case but one (the holding of institution-cooked Pordhook 
chard on the steairi table for one hour) the value obtained by applying 
the constant was closer to that of the fresh than the cooked value calcu- 
lated from the dry weight. 


TABLE 3 

Factors for Adjusting Carotene Values of Processed Vegetables 


Vegetable 

Number 
of repli- 
cations ^ 

Carotene 
before 
processing 
per 100 
grama dry 
weight 

Type of 
processing 

Carotene 

after 

processing 
per 100 
grams dry 
weight 

Regression coefficient 

Fresh 
value on 
cooked 

Cooked 
value on 
fredL 

Spinach 
(local mar- 
ket) 

22 

nig. 

r).‘1.2 

400 gm. cookt'd in twice 
its weight of boiling 
water 

mg. 

69.6 

0.761 

1.30 

Green beans 
(Landrettes 
stringless 
green pod) 

4 

2.94 

Steam blanched, 174° F. 
for 2.5 min. 

3.23 

0.905 

1.10 

4 

2.93 

Steam blanched, 208 °F. 
for 3.75 min. 

3.26 

0.907 

1.09 

8 

3.41 

(banned — ^boiled 10 min. 

3.68 

0.928 

1.07 

8 

2.90 

Frozen — boiled 12 min. 

3.25 

0.891 

1.12 

Fordhook 

chard 

4 

62.9 

(1) 6 gm. Nad added 
then cooked in twice its 
weight of boiling water 

66.0 

0.942 

1.05 

4 

62.9 

(2) 6 gm. Nad added 
then cooked in water 
clinging to leaves after 
last rinsing 

[ 61.2 

1.03 

0.973 

i ^ 

62.1 

(3) 8 lb. cooked in 
steam-jacketed kettle 
(9 gm. Nad added 
after cooking), held on 
steam table 10 min. 

69.0 

0.893 

1.11 



(4) Same as (3), held 
on steam table for 1 
hour 

62.1 

0.983 

1.00 

Rhubarb 

chard 

^9 

57.1 

Same as Fordhook (1) 


0.802 

1.24 

SSS 

57.1 

Same as Fordhook (2) 

60.6 

0.938 


4 

58.6 

Same as Fordhook (3) 

74.1“ 

0.784 

1.26 

4 

58.6 


72.1* 

0.811 

1.23 


^Each rjTOlication ia the average of triplicate determinations except the spinach which is in 
duplicate. *The probahilitx that this is a chance variation from the fresh value is 1/100. *11ie 

probability that this is a chance variation from the fresh value is 1/20. 


Bespeotive regression coefficients of the carotene of fresh vegetable on 
the cooked were quite different although both chard and spinach are leafy 
vegetables. The coefficient apparently varies with the type of vegetable, 
the variety, and the processing. 
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SUMMARY 

Carotene in spinach increased over 30 per cent above the fresh values 
when cooked by a standard home procedure and calculated as milligrams 
per 100 grams dry weight of vegetable. Evidence is presented that this 
was not an actual increase in carotene but an apparent one owing to the 
difference in the solid contents of the fresh and cooked products. Including 
the solids from the cooking water in the total solids of the cooked spinach 
accounted for only a portion of the difference. A linear relationship was 
found between the carotene content of the fresh and cooked spinach. A 
regression coefficient can be calculated for the carotene of fresh and cooked 
spinach for either the moist or dry vegetable which would permit a more 
accurate evaluation of the carotene content of the cooked vegetable. After 
this constant is established, a carotene determination need only be done 
on either the fresh or the cooked product. 
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Foods, such as dairy and meat products, offer suitable media for the 
growth of pathogenic bacteria and so may be responsible for spreading 
bacterial food poisoning of the infection and toxin types. 

It is known that staphylococci are widespread in nature and may 
cause a toxin type of food poisoning after gaining entrance to practically 
any type of food which supports their growth. Back (1943) refers to this 
toxin type of food poisoning as probably the most common of all. 

This widespread occurrence of staphylococci, together with many food- 
poisoning outbreaks during the p^st 40 years that were attributed to 
staphylococci and that followed the consumption of milk products, cream 
fillings of the eclair type, custards, or cakes with cream fillings, has led a 
number of investigators to undertake work involving the growth and 
control of staphylococci in various food products. Some early work was 
reported by Stritar, Back, and Jungewaelter (1936), who successfully 
killed staphylococci in custard-filled puffs and eclairs by reheating these 
products without impairing their flavor or appearance. Jones and Loch- 
head (1939) showed that the growth of enterotoxin-producing staphylo- 
cocci was inhibited at 4.4‘^C.(40°F.). 

Cathcart, Ryberg, and Merz (1942) effectively reduced the counts of 
Staphylococcus aureus and Salmonella cnteritidis in the air by utilizing 
ultraviolet rays (2,000 to 2,950 A units). The same authors, ( Cathcart, 
Merz, and Ryberg (1942), also showed that Staphylococcus aureus and 
Salmonella cnteritidis were eliminated from experimentally inoculated cus- 
tards w^hich had been brought to a second boil. 

Ryberg and Cathcart (1942) found acidity in pure fruit fillings to be 
effective in inhibiting the growth of Staphylococcus aureus and Salmonella 
enteritidis. Segalove, Bavison, and Back (1943) also found the growth 
of Staphylococcus aureus to be best in low-acid foods (peas, corn) but 
retarded in high-acid foods (peaches, tomato juice). Chocolate and natural 
cocoa fillings, made according to the formulae outlined by Cathcart and 
Merz (1942), were shown to exert an inhibiting influence on the growth 
of Staphylococcus aureus. 

This paper deals with the results obtained from investigating the growth 
of Staphylococcus aureus in commercial dry-mixed puddings (with and 
without the addition of milk) ; prepared vanilla fillings; pie fillings made 
from pumpkin, squash, and sweet potato; fruit fillings; cheese cake fillings; 
and whipping-cream-type mixes. These fillings and mixes were prepared 
to serve as '‘bacteriological media.” Some were modified by the addition 
of various amounts of citric acid, lactic acid, and sodium propionate. 
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EXPERIMENTAL PROCEDURE 

The formulae of the various fillings and mixes used were as follows : 

1. standard Custard Filling, The standard custard used for comparison counts was 
made as follows, according to the formula of Cathcart, Merz, and Ryberg (1942) : 
Water — 1 qt. Cornstarch — 2% oz. 

Sugar — 8 oz. Eggs (whole) — 2 

Powdered whole milk— 4 oz. Salt — % oz. 

Three-fourths of the water, one-half of the sugar, and all of the powd^lred milk were 
mixed and brought to a boiL The remainder of the sugar was ^Mry mixed” with the 
cornstarch ; the eggs and salt were added and made into a paste with part of the water. 
This paste was thinned with the remaining one-fourth ol the water and added to the 
mixture which had been brought to a boil. The completea mixture was boiled for one 
minute. 


2. Vanilla Filling 

Water — 1 lb., 8 oz. Frozen yolks — 2% oz. 

Sugar — 10 oz. Cornstarch — 2 oz. 

Salt — % oz. Water — 8 oz. 

Vanilla flavor — oz. 

The water, sugar, and salt were brought to a boil. The frozen yolks, cornstarch, water, 
and vanilla flavor were mixed and added to the boiling mixture with constant stirring 
until the entire mixture had been brought to a second boil and then boiled two minutes. 


3. VaniUa Filling 

Water — 1 lb., 8 oz. 
Sugar — 10 oz. 
Frozen yolks — 4 oz. 
Cornstarch — 4 oz. 


Water — 8 oz. 

Vanilla flavor — oz. 
Butter — 3 oz. 

Emulsified shortening — 3 oz. 


The same procedure as used for No. 2 vanilla filling was followed for this filling except 
that the butter and shortening were added during the first boil. 


4. Pumpkin Pie Filling 
Sugar — 6 oz. 

Pumpkin — 1 lb. 

Whole eggs — 2 oz. 

Yolks— 2^ oz. 

Salt — oz. 

Cornstarch % oz. 

Allspice — 0.9 gm. 

The sugar, pumpkin, eggs, salt, cornstarch, and spices were mixed. To this mixture was 
added the glucose and milk powder dissolved in water and last the butter, melted. The 
mixture was thoroughly stirred and then baked, uncovered, at 232.2** G.(450*F.) for 30 
minutes. 


Nutmeg — 0.9 gm. 
Cardamon — 0.45 gm. 
Water — 1 lb., 3 oz. 
Milk powder — 3 oz. 
Glucose — 2% oz. 
Butter — % oz. 


5. Pumpkin Pie Filling 

Sugar — 6 oz. 

Pumpkin — 1 lb., 3 oz. 

Whole eggs — 2 oz. 

Yolks — 2^ oz. 

Salt— oz. 

Cornstarch — % oz. 

The procedure for mixing No. 5 pumpkin pi 

6. Sweet Potato Pie Filling 

Sugar — 8 oz. 

Salt— % oz. 

Water — 1 lb., 3 oz. 

Glucose 2 oz. 

Wl^ole eggs — oz. 


Allspice — 0.9 gm. 

Nutmeg — 0.9 gm. 

Cardamon — 0.45 gm. 

Water — 1 lb., 3 oz. 

Glucose — 2% oz. 

filling was the same as that for No. 4. * 


Yolks— oz. 

Sweet potato pulp (canned) — 
1 lb., 3 oz. 

Melted butter — % oz. 
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The method of preparation was the same as that for pumpkin pie dUings. 

7. Squash Fie Filling 

Sugar — 5 oz. Cloves — % gm. 

Canned squash — 14 oz. Nutmeg — % gm. 

Whole eggs — 3 oz. Water — 1 lb., 3 oz. 

Yolks — 1% oz. Glucose — 2 oz. 

Salt — oz. .. Molted butter — % oz. 

Cornstarch — oz. 

The method of preparation was the same as that for pumpkin pie dllings. 

8. Peach Filling 

Water — 1 qt. 

Sugar — 1 lb., 8 oz. 

Salt — % oz. 

Canned peaches (ground) — 

9. Raspberry Filling 

Water — 1 qt. 

Sugar — 1 lb., 8 oz. 

Salt — % oz. 

Fresh raspberries (ground) — 

In preparing the peach and raspberry fruit fillings, three-fourths of the water and one* 
half of the sugar were mixed and brought to a boil. The fruit was added to this boiling 
mixture. The remainder of the sugar was *'dry mixed'' with the cornstarch, egg yolks, 
and salt and made into a paste with part of the water. The paste was thinned with the 
remainder of the one-fourth quart of water and added to the mixture which had been 
brought to a boil. The completed mixture was boiled for one minute. 

10. Cheese Cake Filling 

Baker's cheese — 1 lb. Water — 2% oz. 

Cornstarch — 1% oz. Whole eggs — 5 oz. 

Emulsified shortening — 1% oz. Egg whites — 3 oz. 

Sugar — 8 oz. 

The water, whole eggs, and egg whites were mixed and stirred for several minutes. The 
cheese, cornstarch, shortening, and sugar were then added and the mixture was stirred 
thoroughly to a mass of smooth consistency. It was then baked, uncovered, at 232.2®C. 
(450 ®F.) for 30 minutes. 


1 lb., 8 oz. 
Cornstarch — 3 oz. 
Egg yolks — 2 oz. 


1 qt. (dry measure) 
Cornstarch — 3 oz. 

Egg yolks — 2 oz. 


Skim -milk powder — 14 oz. 

• Sugar — 10 oz. 

Water — 72 oz. 

Same as No. 11, except the butter was replaced with 


11. Whipping-Cream-Type Mix 

Sweet butter — 1% lb. 

High-ratio vegetable 
shortening — 1 %lb. 

12. Whipping-Cream-Type Mix, 
high-ratio vegetable shortening. 

13. Whipping-Cream-Type Mix 

Sweet Butter — 1% lb. 

High-ratio vegetable 
shortening — 1% lb. 

14. Chocolate Whipping-Cream-Type Mix. 
chocolate liquor were added. 


Fresh whole milk — 2% qt. 
Skim-milk powder — 3 oz. 

Sugar — 10 oz. 

Same as No. 11, except 12 ounces of 


The following general procedure was used in combining the ingredients 
in all the whipping-cream-type mixes ; The powdered milk was dispersed in 
the water or fresh whole milk, the fat added in small pieces, and the mix 
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heated to 62.8®C.(145®P.). When the temperature reached 145®P., the 
heating was discontinued and the mix was stirred until the melted fats 
were evenly incorporated. The mix was then strained, homogenized, pas- 
teurized by holding at 65.6° C.( 150® P.) for 30 minutes, and then cooled to 
1.7 to 4.4®C.(35 to40®P.). 

All of the filling and mix preparations were made in duplicate. One 
of each pair (except the whipping-cream-type mixes) was autoclaved at 15 
pounds pressure for 15 minutes. One preparation of each whipping-cream- 
type mix was heated in an autoclave to 15 pounds pressure, but as soon as 
this pressure was reached, the autoclave was shut off. All fillings and mixes 
were refrigerated prior to their inoculation with the organism Staphylo- 
coccus aureus. In most cases, a comparison was made of the growth of 
Staphylococcus aureus in both the autoclaved and unautoclaved fillings. 
Since growth of the organism was comparable in both the autoclaved and 
unautoclaved standard custard fillings, the accompanying tables show 
only figures for the autoclaved standard. 

BACTERIOLOGICAL PROCEDURE 

Two strains of the organism Staphylococcus aureus^ which had been iso- 
lated from food-poisoning cases attributed to staphylococcal food poisoning, 
were used throughout this work. Inoculated suspensions of Staphylococcus 
aureus were prepared by adding one c.c. of the organisms from a fresh, 24- 
hour nutrient broth culture [incubation time, 24 hours at 37°C.(98.6°F.)] 
to 99 c.(*. of sterile distilled water. A known volume of the inoculum was 
added to each jar of filling or mix and dispersed aseptically. In order to 
determine the number of organisms added, decimal dilutions of the inocu- 
lum were plated out on standard nutrient agar at the time that the fillings 
were inoculated. The fillings and mixes were incubated for 24 hours at 
37® C. and then samples were diluted and plated out on standard nutrient 
agar. Bacterial counts were made after incubating the agar plates for 48 
hours at 37° C. 

DISCUSSION OP RESULTS 

Commercial Dry-Mixed Puddings: The prepared brands of vanilla, 
chocolate, and butterscotch made with whole liquid milk supported the 
growth of Staphylococcus aureus (Table 1). When the formulae were 
modified by substituting water for the milk, the resulting mixes checked 
bacterial growth but were unsatisfactory from the standpoint of taste. 

Vanilla Type Fillings: Since the prepared dry fillings made with water 
were unsatisfactory, vanilla fillings (No. 2 and No. 3) were prepared ac- 
cording to the formulae previously cited. However, the new vanilla 
formulae (No. 2 and No. 3) supported the growth of Staphylococcus 
aureus (Table 2) ; hence, further modifications were made, which consisted 
of adding sodium propionate and citric acid in varying amounts (Table 2). 
A maximum of 16 grams of sodium propionate per 3% pounds of filling 
was used but showed no inhibitory action. The addition of 3 grams of 
citric acid to 3^^ pounds of filling produced a product (pH 3.43) which 
was too sour even though it was satisfactory in lowering the growth of 
Staphylococcus aureus, Reductions in the amount of citric acid were made 
to the point where the taste was satisfactory but when this point was 
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TABLE 1 


Growth of Siaphylococoua aureus in Commercial Dry-Mixed Puddings 


Type of pudding 

Modidcation 

Organiimt 
inoculated 
per gram 
of filling; 
standard 
plate count 
87®0. for 
48 hr. 

Organisms per gram of filling after 24 hr. 
incubation at 87^*0.; standard plate 
count 87*0. for 48 hr. 

Autoclaved 

pudding 

Unauteciaved 

pudding 

Autoclared 
standard cus- 
tard No. 1 

Vanilla 

1 pt. milk per box 

80,000 

10,000,000 

350,000,000 

15,000,000 

Vanilla 

1 pt. milk per box 

73,000 

135,000,000 

200,000,000 

200,000,000 

Butterscotch 

1 pt. milk per box 

80,000 

30,000,000 

30,000,000 

15,000,000 

Butterscotch 

1 pt. milk per box 

73,000 

100,000,000 

100,000,000 

200,000,000 

Chocolate 

1 pt. milk per box 

73,000 

55,000,000 

1 

200,000,000 

Chocolate 

1 pt. milk per box 

80,000 

3fiOO[0OQ 

15,000,000 

15^000,000 

Vanilla 

1 pt. water per box 

90,000 

6,500 

40,000 

3,000,000 

Vanilla 

1 pt. water per box 

70,000 

3,000 

6,300 

1,000,000 

Butterscotch 

1 pt. water per box 

90,000 

7,000 

30,000 

3,000,000 

Butterscotch 

1 pt. water per box 

70,000 

2,000 

6,000 

1,000,000 

Chocolate 

1 pt. water per box 

90,000 

7,500 

30,000 

3,000,000 

Chocolate 

1 T)t. water uer box 

70.000 

1.100 

15.000 

1.000.000 


^ No count; contaminated. 


TABLE 8 

Growth of Staphylococcus aureus in Pie and Fruit Fillings 


Type of filling 

Modification 

Organisms 
inoculated 
per gram 
of filling; 
standard 
plate count 
37*0. for 
48 hr. 

Organisms per gram of filling after 24 hr. 
incubation at 37*0.; standard plate 
count 37*0. for 48 hr. 



Autoclaved 

filling 

Unautoclaved 

filling 

Autoclaved 
standard eus* 
tard No. 1 

Pumpkin No. 4 

Pumpkin No. 4 

Pumpkin No. 4 

Pumpkin No. 5 

No milk powder added 
No milk powder added 

82,000 

50.000 
5,000 

82.000 
40,000 

82,000,000 

100,000,000 

10,000,000 

28,000,000 

6,000,000 

196,000,000 

100,000,000 

200,000,000 

15,000,000 

100,000,000 

6,000,000 

Pumpkin No. 5 

5,000,000 

Pumpkin No. 5 

No milk powder added 
Milk powder added 

5.000 

80.00 

8,250,000 

15,000,000 


15,000,000 

3,500,000 

Squash No. 7 

6,000,000 

Squash No. 7 

No milk powder added 

130,000 

205,000,000 

162,000,000 

300,000,000 

Squash No. 7 

No milk powder added 

50,000 

490,000,000 

640,000,000 

200,000,000 

Sweet potato No. 6. 

Milk powder added 

50,000 

530,000,000 

610,000,000 

200,000,000 

Sweet potato No. 6. 

(3 oz.) 

N 0 milk powder added 

272,000 

4,500,000 

6,300,000 

30,000,000 

Raspberry No. 9.... 
Raspberry No. 9.... 
Peach No. 8 


80,000 

408,000 

80,000 

408,000 

3,000 

100 

40,000 

200,000 

5,000 

100 

30,000 

360,000 

3,500,000 

2,000,000,00 

3,500,000 

2,000,000,00 

Peach No. 8... 















TABLE 2 

Growth of Staphylococcus aureus in Vanilla Fillings 


















TABLE 4 

Growth of Staphylococcus aureus in Cheese Cake Filling 













GEOWTH OP 8TAPHTL00000U8 AVREU8 IN PASTRY FILLINGS 


149 


reached (1 gram of citric acid per 3^^ pounds of filling, pH 4.30), the 
resultant filling was not effective in checking bacterial growth. The effect 
of pH on the growth of Staphylococcus aureus is indicated (Table 2). 

Pumpkin, Squash, and Sweet-Potato Pie Fillings: The results on the 
pumpkin, squash, and sweet-potato pie fillings (Table 3) show that all 
three supported the growth of Staphylococcus aureus. The removal of 
three ounces of powdered milk and three-eighths ounce of butter from 
Formula No. 4 was not effective in checking the growth of Staphylococcus 
aureus (Table 3). 

Peach and Raspberry Fruit Fillings: These fillings (No. 8 and No. 9) 
were studied for their effect on the growth of Staphylococcus aureus. The 
results as shown (Table 3) indicate that both fruit fillings exerted an in- 
hibitory influence on the growth of Staphylococcus aureus. 


TABLE 5 

Growth of Sfnphyloeoccua aurenjt in Whipping-Cream-Type Mixeft 


Mix No. 

Modifies' 

tion 

Orijranisms 
inoculated 
per g;ram 
mix; 
standard 
plat^* count 

37 “0. for 

48 hr. 

Organisms per gram of mix after 24 hr. 
incubation at 37**0. ; standard plate 
count IIT^C. for 48 hr. 

Autoclaved 

mix 

pIT 

Pasteurized 

mix 

pH 

11 

None 

100,000 

30,000,000 

0.22 

1 

0.35 

12 

None 

100,000 

33^000,000 

0.13 

1 

0.32 

13 

None 

100,000 

09,000,000 

0.24 

1 

6.37 

14 

None 

100.000 

20.000,000 

5.85 

1 

5.97 


'No count; heavy contamination. 


Cheese Cake Filling: A number of these fillings were prepared using 
Formula No. 10, modified by the addition of varying amounts of citric 
and lactic acids. We have found baker’s cheese to vary in pH from 3.80 
to 4.83; however, in the majority of cases the range of pH was between 
4.03 and 4.50. Normally, cheese cake fillings prepared without any acid 
modification have pH values from 5.00 to 5.30. As shown (Table 4) abun- 
dant growth of the organism Staphylococcus aureus was observed only 
when the pH of the fillings ranged between 5.21 and 5.32. By increasing 
the hydrogen-ion concentration of the fillings a retarding of the growth 
of the organism was noted. The bacteriological counts on cheese cake 
fillings which had been modified by increasing their acidity showed some 
variance. It is noteworthy that the organism’s growth was gradually 
suppressed at pll values of 5.12 and lower. The use of lactic acid in place 
of citric acid was effective in retarding the growth of Staphylococcus 
aureus and did not impart the degree of sourness to the filling as did the 
citric acid (Table 4). 

Whipping-Cream-Type Mixes: The growth of Staphylococcus aur^s 
was greatly supported in each autoclaved whipping-cream-type mix. The 
pH range in all cases was sufficiently high to enhance the growth of this 
organism. Contamination of heat-resistant organisms in the pasteurized 
whipping-cream-type mixes masked counts of the organism Staphylococcus 
aureus \ bacteriological results are shown (Table 5). 
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SUMMARY 

The commercial dry-mixed puddings containing milk supported the 
growth of Staphylococcus aureus. The growth of this organism was in- 
hibited when water was substituted for milk, but the resulting mix did 
not produce a satisfactory pudding with respect to taste. 

The vanilla fillings, pumpkin, squash, and sweet-potato pie fillings, 
cheese cake fillings, and whipping-cream mixes were found to support the 
growth of Staphylococcus aureus. Fruit fillings, such as peach and rasp- 
berry, contain sufficient acidity to check the growth of this organism. 

The addition of citric acid to the vanilla filling in sufficient amounts 
to lower the pH to 3.43 to 3.65 proved effective in checking the growth of 
Staphylococcus aureus but imparted a sour taste to the product. 

An increase in the hydrogen-ion concentration of cheese cake fillings to 
pH values below 5.12 was effective in gradually retarding the growth of 
Staphylococcus aureus. Lactic acid, when used in place of citric acid, pro- 
duced a better tasting cheese cake filling and effectively retarded the growth 
of Staphylococcus aureus at pH values between 4.42 and 4.67. 

Whipping-cream-type mixes as formulated in this work offer suitable 
media for the growth of Staphylococcus aureus. 
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Investigations on the effect of fertilizer treatment on the ascorbic acid 
content of fruits and vegetables show considerable variation in the results 
obtained. A summary of reports appearing in the literature (Table 1) 
shows an inconsistency in the findings with each of the different treat- 
ments employed. 

In a study on the effect of fertilizers on the ascorbic acid content of 
turnip greens produced in four places Reder, Ascham, and Eheart (1943) 
found that the results varied with locality. Their findings emphasize the 
importance of environment in determining the nutritive content of the 
produce. Since in most investigations the number of fertilizers tested was 
rather limited, an experiment was undertaken in which a total of eight 
single and mixed fertilizers was used. 

The potatoes were produced during the summer of 1945 by the Division 
of Soils * in seven Minnesota localities. Irish Cobbler potatoes were grown 
at six and Red Warba at one location. 

The experiment was set up as a factorial, with three replications at 
each location. The treatments studied were as follows: untreated (0) ; 
superphosphate (43 per cent P 2 O 6 ), applied at the rate of 100 pounds per 
acre (IP) ; superphosphate, 200 pounds per acre (2P) ; muriate of potash 
(60 per cent), 70 pounds per acre (IK) ; muriate of potash, 140 pounds 
per acre (2K) ; and the following mixed fertilizers: 0-20-20, 200 pounds 
per acre (PK) ; 0-20-10, 400 pounds per acre (2PK) ; 0-20-20, 400 pounds 
per acre (2P2K) ; and 4-24-12, 340 pounds per acre (N2PK). 

EXPERIMENTAL PROCEDURE 

The potatoes were brought in from the field at the time of harvest 
and were stored in a root cellar until analyzed. The determinations were 
made between November fifth and December sixth. All samples from a 
given location were analyzed at the same time. Total ascorbic acid was 
determined by the Roe and Oesterling (1944) method and reduced ascorbic 
acid by the modified Morell (1941) procedure. The potato samples were 
extracted in a Waring blendor, using five per cent metaphosphoric acid; 
both determinations were made on the same extract. The values presented 
are the means of duplicate determinations on each of two lots of six 

'Paper 2288, Scientific Journal Series, Minnesota Agricultural Experiment Station. 

* The authors are indebted to Dr. C. 0. Rost and Dr. L. E, Dunn for supplying the 
potato samples. , 
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tubers. The analysis of variance technic was employed in testing the 
significance of the observed differences. 

RESULTS AND DISCUSSION 

Beduced ascorbic acid values on the moist-weight basis are recorded 
(Table 2). The means for the tubers from the several locations show 
considerable variation, the maximum difference occurring between Location 
II, with a mean of 13.4 milligrams per 100 grams moist weight, and Loca- 
tion VII, with a mean of 9.50 milligrams. For significance at the one-per 
cent level, a difference of 0.77 milligram is required. Application of this 
criterion to the data shows that the tubers from some locations contained 
significantly greater amounts of ascorbic acid than did those from other 
locations. 


TABLE 1 


Summary of Studies on Effect of Fertilisers on Beduced Ascorbic Acid 
Content of Fruits and Vegetables 


Authors 

Treatment 

Food 

Effect 

Bracewell, Wallace, Zilva (1931) 

N 

Apples 

None 

Ijdo (1936) 

N 

Spinach 

Increase 

Isgiir, Fellers (1937) 

N 

Swiss chard 

Increase 



New Zealand spinach 

None 

Wynd, Noggle (1945) 

N 

Oat leaves 

Increase 

Beder et al, (1943) 

N 

Turnip greens 

None 

Beder, Ascham, Eheart (1943) 

N 

Turnip greens 

Decrease 

Fellers, Young, Isham, Clague (1934).... 

NK 

Asparagus 

None 

Illyuviev, Ulanova (1937)... 

NK 

Potato 

Increase 

Ott (1937) 

NP 

Potato 

Increase 

Ijdo (1936) 

K 

Spinach 

Increase 

Beder, Ascham, Eheart (1943) 

K 

Turnip greens 

Decrease 

Wynd, Noggle (1945) 

K 

Oat leaves 

None 

ott (1937) 

K&CaO 

Potato 

Decrease 

Todhunter, Sparling (1938) 

P 

Peas 

None 

Wynd, Noggle (1945) 

P 

Oat leaves 

Decrease 

Ott (1938) 

NPK 

Tomato 

Decrease 

Potter, Overholser (1933) 

NPK 

Apple 

Increase 

Sugawara (1938) 

NPK 

Spinach 

Increase 

Todhunter (1939) 

NPK 

Apple 

None 


A comparison of the means for the tubers from the treated plots with 
those from the untreated plots yields information as to the effect of the 
various fertilizers on the reduced ascorbic acid value. For significance at 
the one-per cent level a difference of 0.87 milligram and at the five-per cent 
level, 0.65 milligram is needed. It may be observed that of the various 
fertilizers tested, superphosphate at the higher rate of application in- 
creased the ascorbic acid content of the potato tubers; the complete fer- 
tilizer and muriate of potash applied at the higher rate decreased the 
values. The mean ascorbic acid content of the tubers from the untreated 
plot was 11.37 milligrams per 100 grams moist weight, as compared with 
a mean of 12.69 milligrams for those from the plots to which superphos- 
phate had been applied at the rate of 200 pounds per acre, a statistically 
significant increase. The complete fertilizer, 4-24-12, produced a decrease 
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in reduced ascorbic acid content which was just significant at the five 
per cent level. Although there was some suppression of the ascorbic acid 
content when muriate of potash was applied to the soil at the rate of 
140 pounds per acre, when tested statistically this decrease was found 
to be not significant. All other treatments were without effect. 


TABLE 2 

Effect of Fertilizer Treatments on Eeduced Ascorbic Acid Content of 
Potato Tubers* 



I 

II 

III 

IV 

V 

VT 

VTT 

Mean 

0 


11.90 

11.25 

10.15 

11.80 

9.20 

10.80 

11.37 

IP 

■HliM 

14.50 

11.10 

12.40 

11.30 

9.45 

10.20 

11.49 

2P 

13.20 

16.25 

11.95 

13.70 

12.25 

10.80 

10.70 

12.69 

IK 

11.80 

13.40 

12.35 

10.90 

10.85 

9.20 

9.35 

11.12 

2K 

12.45 

14.40 

9.95 

10.70 

9.75 

9.15 

9.85 

10.89 

PK 

13.45 

13.00 

11.40 

13.60 


10.70 

9.25 

11.56 

2PK 

13.80 

13.00 

12.85 

9.35 


10.45 

8.55 

11.34 

2P2K 

12.65 

12.50 

11.10 

14.30 

10.25 

10.25 

8.30 

11.34 

N2PK 

14.75 

11.65 

11.55 

8.85 

9.40 

10.15 

8.50 

10.69 

Mean 

13.12 

13.40 

11.50 

11.55 

10.72 

9.93 

9.50 




F 

BK calcu- 
lated 

F 

for significance 

Difference 
for significance 

5% level 

1 % level 

5% level 

1% level 

Location 

53.20 

2.00 

2.66 

0.58 

0.77 

Treatment 

5.97 

2.00 

2.66 

0.65 

0.87 

Location X treatment 

3.72 

2.00 

2.66 

0.81 

1.08 


^Figures given in milligrams per 100 grams moist weight. 


The interaction between locations and treatments is also significant and 
indicates that the influence of the treatment varied with the location. This 
may be illustrated by citing the effect of superphosphate at Locations I 
and II. At the former the tubers from the untreated plot averaged 14.50 
milligrams ; with treatment IP, 11.50 milligrams ; and with 2P, 13.20 milli- 
grams. At Location II, on the other hand, the mean of the values for the 
untreated plot was 11.90 milligrams; for treatment IP, 14.50 milligrams, 
and for 2P, 16.25 milligrams. From this it is apparent that the application 
of superphosphate greatly benefited the tubers produced at Location IT 
but not those at Location I. 

Since considerable variation in moisture content was observed in the 
tubers produced at the several locations, it seemed desirable to determine 
whether the findings would be altered by computation of the data on the 
dry-weight basis. The data presented (Table 3) show that both location 
and treatment caused highly significant differences in ascorbic acid values. 
Of the fertilizers tested, superphosphate applied at the rate of 200 pounds 
per acre increased the ascorbic acid content significantly, the mean for the 
untreated plot being 46.6 milligrams and for the treated plot 51.5 milli- 
grams per 100 grams dry weight. The suppressing effect of the complete 
fertilizer noted on the moist basis, however, just failed of significance at 
the five-per cent level. 
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Total ascorbic acid values for the potato tubers are shown (Tables 4. 
and 5). A comparison of the data in these tables with the data in Tables 
2 and 3 shows that the total ascorbic acid content was considerably greater 
than the reduced ascorbic acid, indicating that appreciable amounts of 
dehydroascorbic acid had been formed in the interval between harvest and 
analysis. This is in accord with the observation of Smith and Gillies (1940) 
who found that the dehydro form of ascorbic acid increases fairly rapidly 
during storage. 


TABLE 3 


Effect of Fertiliser Treatments on Beduced Ascorbic Acid Content of 
Potato Tubers ‘ 


Treatment 

Location 

I 

IT 

Til 

TV 

v 

VI 

VTI 

Mean 

0 

56.4 

43.2 

44.0 

39.6 

47.2 

49.2 

46.8 

46.6 

3P 

47.4 

53.6 

42.3 

49.1 

45.3 

43.5 

42.8 

46.3 

2P 

51.8 

65.6 

45.0 

53.7 

52.6 

48.8 

43.4 

51.5 

IK 

48.4 

52.8 

50.3 

44.8 

51.6 

44.4 

43.7 

48.0 

2K 

52.8 

57.0 

44.4 

45.2 

42.2 

44.2 

45.8 

47.4 

PK 

55.2 

49.2 

45.2 

54.7 

43.1 

50.4 

38.9 

48.1 

2PK 

57.1 

47.4 

48.6 

38.6 

47.0 

49.6 

37.6 

46.6 

2P2K 

52.2 

46.6 

45.0 

58.8 

41.6 

50.3 

37.0 

47.4 

N2PK 

59.0 

46.4 

46.4 

36.2 

1 43.2 

47.2 

33.1 

44.5 

Mean 

53.4 

51.3 

45.7 

46.7 

46.0 

47.5 

41.0 




F 

as calcu- 
lated 

P 

for significance 

Difference 
for significance 

5% level 

1 1% level 

5% level 

1% letvel 

Location 





3.10 

Treatment 



mmm 


3.52 

Location X treatment 

i 4.07 1 

I 2.00 1 

\ 2.66 1 

1 3.30 1 

4.39 


* Fibres given in milligrams per 100 grams dry weight. 


As in the case of reduced ascorbic acid, locality influenced markedly 
the total ascorbic acid content of the potato tubers, close correspondence 
being noted in the two sets of values in nearly every instance. On the 
moist-weight basis, differences in total ascorbic acid of 0.69 and 0.91 milli- 
gram were found to be significant at the five- and one-per cent levels, 
respectively. 

The treatment means given (Table 4) show that application of super- 
phosphate at the rate of 200 pounds per acre augmented the total ascorbic 
acid content of the potato tubers but not to a significant degree, A de- 
pressing effect was noted as a result of the application of muriate of 
potash at the rate of 140 pounds per acre, of 0-20-20 at the rate of 400 
pounds per acre, and a complete fertilizer, 4-24-12, at the rate of 340 
pounds per acre. The latter had the most marked effect. 

The fact that the interaction, location X treatment, was highly signifi- 
cant shows that the tubers responded to the treatments in a differential 
manner at the several locations. By way of illustration it may be pointed 
out that the complete’ fertilizer had no inhibiting effect at Locations I and 
III but did at the remaining five locations. 
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TABLE 4 

Effect of Fertilizer Treatments on Total Ascorbic Acid Content of 
Potato Tubers^ 


Treatment 

I 

II 

in 

IV 


VI 

VII 

Mean 

0 

18.95 

19.25 





Wm 

16.69 

IP 

20.05 

18.90 

16.50 

14.15 

189 


WBm 

16.51 

2P 

18.25 

21.15 

18.80 

14.75 

189 

15.40 

msM 

17.18 

IK 

17.40 

18.65 

iSEI 


Wmi 

14.20 

14.40 

16.16 

2K 

16.60 

19.30 

IS9 

1^9 

m 

13.85 

14.35 

15.72 

PK 

17.10 

19.10 


14.40 

13.90 

15.55 

13.25 

15.94 

2PK 

18.45 

17.60 

19.35 

13.90 

16.40 

14.45 

12.45 

16.09 

2P2K 

17.15 

17.70 

16.60 

14.95 

16.55 

14.00 

13.35 

15.76 

N2PK 

19.00 

15.25 

17.35 

12.95 

]3.90 

13.80 

12.35 

14.94 

Mean 

18.11 

18.54 

17.37 

14.48 

15.93 

14.47 

13.86 

i 



P 

as calcu- 
lated 

P 

for significance 

Difference 
for significance 

6% level 

1 1% lovel 

5% level 1 

1 1% level 

Location 1 

Mm 





Treatment 




0.78 


Location X treatment 

1 2.10 

2.00 1 

1 2.66 1 

0.97 



* Figures given in milligraxng per 100 grams moist weight. 


TABLE 5 

Effect of Fertilizer Treatments on Total Ascorbic Acid Content of 
Potato Tubers^ 


Treatment 

1 

II 

III 

IV 

V 

VI 

VII 

Mean 

0 


70.0 

64.8 

57.5 

69.4 


67.2 

68.6 

IP 

mSm 

69.8 

62.7 

55.9 

68.8 

66.8 

60.4 

66.2 

2P 

76.0 

85.3 

71.0 

57.6 

73.8 

69.6 

60.0 

70.4 

IK 

71.2 

73.3 

73.0 

62.7 

72.7 

68.6 

67.3 

69.8 

2K 

70.4 

76.4 

67.2 

64.4 

67.4 

66.6 

66.7 

68.4 

PK 

76.5 

72.2 

72.2 

58.0 

62.9 

72.9 

55.6 

67.2 

2PK 

76.3 

64.2 

73.4 

57.4 

67.5 

68.6 

55.0 

66.0 

2P2K 

70.6 

66.0 

67.2 

61.6 

67.5 

68.5 

59.6 

65.9 

N2PK 

76.0 

60.6 

69.8 

53.2 

63.8 


48.2 

62.2 

Mean 

74.4 

70.9 

69.0 

58.7 

68.2 

69.3 

60.0 




P 

as calcu- 
lated 

P 

for significance 

Difference 
for significance 

5% level 

1% level 

5% level 

1% level 

Location 

30.85 

IBM 

2.66 


3.89 ^ 

Treatment 

4.53 


2.66 


4.41 

Location X treatment 

2.00 

1 2.00 1 

2.66 

1 4.14 1 

5.50 


* Figures given in milligrams per 100 grams dry weight. 
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The data computed on the dry-weight basis show the augmenting effect 
of the superphosphate noted on the moist-weight basis, but the increase 
in this instance is not statistically significant. The inhibiting effect of the 
complete fertilizer is very marked, but the effect of 0-20-20, while still 
evident, just fails of significance. The inhibiting effect of muriate of 
potash noted on the moist basis is not evident on the dry basis, from which 
it is apparent that these tubers were low in dry matter. 

The findings in the present study help to clarify the inconsistencies 
noted in the literature on the effect of fertilizer treatment on the ascorbic 
acid content of vegetables, in that the treatment effect varied with the 
locality. For example, although the over-all effect of the superphosphate 
was to augment the ascorbic acid content, as indicated by statistical analy- 
sis of the data, actually increases occurred in the tubers from only five 
of the locations. Of the remaining two places, the tubers from one showed 
no change, those from the other, a decrease. Similarly, the statistically 
significant decrease in ascorbic acid associated with the application of a 
complete fertilizer is attributable to the marked reduction noted in the 
tubers from three of the locations, the tubers from three locations showing 
no essential change and those from one, a significant increase. 

SUMMARY 

The effect of fertilizer treatments on the reduced and total ascorbic 
acid content of potato tubers grown in seven Minnesota localities was 
investigated. The treatments used and the rates of application were as 
follows : untreated ; superphosphate, 100 pounds per acre ; superphosphate, 
200 pounds per acre; muriate of potash, 70 pounds per acre; muriate of 
potash, 140 pounds per acre; and the following combined fertilizers: 
0-20-20, 200 pounds per acre; 0-20-10, 400 pounds per acre; 0-20-20, 400 
pounds per acre ; 4-24-12, 340 pounds per acre. 

Superphosphate at the higher rate of application produced a statisti- 
cally significant increase in the reduced and total ascorbic acid content on 
both the moist- and dry-weight bases. 

Muriate of potash at the higher level of application tended to decrease 
the reduced and total ascorbic acid content on the moist-weight basis, but 
not on the dry-weight basis. 

The complete fertilizer tended to suppress the reduced and total ascor- 
bic acid content on both the moist- and dry-weight bases. 

The effect of the fertilizer treatment varied with the location. 

Environmental factors associated with the location at which the pota- 
toes were produced were of greater importance in determining the ascorbic 
acid content of the tubers than were the fertilizers tested. 
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A considerable amount of literature exists on the composition of frank- 
furters and on the changes that frankfurters undergo during processing. 
Very little information is available, however, as to the changes in compo- 
sition that occur when frankfurters are recooked for consumer use. While 
the frankfurter, when purchased, is a cooked meat product and is sold 
in a form ready for consumer use, the usual practice is to heat frankfurters 
before using. Heating for a short period of time in water that has been 
brought to a boil is a recommended procedure. Since the cooked frankfurter 
is the product that is ultimately consumed, it seemed desirable to investi- 
gate the changes in chemical composition of frankfurters with cooking. 
This report is concerned with the changes in moisture, protein, fat, and 
ash content of frankfurters with cooking. Six- to 10-pound samples of first 
grade skinless^’ and animal-casing frankfurters were purchased from 10 
Chicago packing houses. Two types of cooking were used : a mild type of 
cooking described as the ‘‘consumer cook,^^ and a “severe cook^’ that rep- 
resented the extreme in the cooking of frankfurters. 

EXPERIMENTAL PROCEDURE 

The consumer cook was performed in the following manner: To 500 
ml. of boiling tap water, 400 to 450 grams of frankfurters were added. 
Heating was continued until the water boiled gently ; this usually required 
about five minutes. The container of frankfurters was removed from the 
heater and allowed to cool to 60°C.(140°F.). Fifteen to 20 minutes were 
usually required for this cooling. The cooking water was drained from the 
frankfurters, weighed, and samples withdrawn for solids, ash, protein, and 
carbohydrate. The cooked frankfurters were placed in tared Mason jars 
and weighed after cooling to room temperature. The entire sample was 
passed twice through a small food chopper and the finely ground material 
was returned immediately to the Mason jar. Samples were withdrawn 
for moisture, protein, and ash determinations. The dry residue from the 
moisture analysis was used for fat analysis. 

The severe cook was performed by boiling a liter of tap water, adding 
a 400- to 450-gram sample of frankfurters, and continuing the boiling 
for 30 minutes. The container was removed from the heater and allowed 
to cool to 6Q®C. The cooking water and cooked frankfurters were treated 
as described for the consumer cook procedure given above. 

The frankfurter samples, on drying, break down and the emulsified 
fat forms a layer of grease in the weighing bottle. The nonfat portion 
of the frankfurter solids is chiefly protein and, on drying, this protein 
forms a crusty residue from which most of the fat is rendered. Uniform 
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sampling of the dried frankfurter is almost impossible because of this 
rendering of the fat. As a result, moisture, protein, and ash were deter- 
mined on separate samples of the moist frankfurters. Relatively large 
samples and rapid weighing on a torsion balance gave excellent results. 

Moisture: Samples of 25 to 30 grams of the ground moist frankfurter 
were transferred to tared aluminum weighing dishes. The weighed samples 
were placed in a vacuum oven at 60° C. and evacuated for 24 hours. An 
additional 16 hours’ evacuation gave values of less than 0.1 per cent 
difference in moisture content. 

Fat: The dry residue from the moisture determination was transferred 
to an extraction thimble. The separated fat in the bottom of the weighing 
dish was transferred to the thimble with small portions of Skelly-Solve 
>> ipjjg extracted in a Soxhlet apparatus for 16 hours using 

Skelly-Solve ‘‘P.” The solvent was removed by boiling and the fat 
was dried to a constant weight of 105°C.(221°P.). The fat-free residue 
was weighed and the fat calculated by difference. This procedure is an 
excellent method for cheeking the direct fat determination. 

Ash: Samples of six to eight grams of ground moist frankfurters were 
weighed in tared porcelain crucibles. The samples were dried in an oven 
at 105° C. and finally transferred to the muffle furnace. After heating at a 
dull red heat for approximately four hours, the gray residue was weighed 
and the weight recorded as ash. 

Protein: Samples of eight to 10 grams of ground moist frankfurters 
were transferred to 800-c.c. Kjeldahl flasks. Fifteen grams of potassium 
sulfate, 0.4 gram of copper wire, and 65 c.c. of concentrated sulfuric acid 
were added to the flask and the mixture heated for four hours. The clear 
digestate was diluted with 300 c.c. of distilled water and cooled. Sodium 
hydroxide solution was added cautiously so a good layering of the alkali 
resulted; 120 c.c. of the 50-per cent caustic was needed to liberate the 
ammonia. Mossy zinc was added and the ammonia was distilled into two 
per cent boric acid solution. The ammonia was titrated with 0.5 N hydro- 
chloric acid using brom cresol green as an indicator. The factor 6.25 was 
used for converting nitrogen values to protein. 

Cooking Water AncHysis: An aliquot of the cooking water was evapo- 
rated to dryness in a tared porcelain crucible and the residue was dried 
in the vacuum oven to a constant weight. The residue was then ashed 
at dull red heat in the muffle furnace. The resulting gray white residue 
was weighed and the weight recorded as ash. An aliquot of the cooking 
water was used for nitrogen analysis. Fifteen grams of potassium sulfate, 
0.4 gram of copper wire, and 25 c.c. of concentrated sulfuric acid were 
used. Duplicate samples of the cooking water were used for carbohydrates 
before and after inversion. The copper reduction method of Munson and 
Walker was used, A.O.A.C. (1940). The carbohydrate values reported 
(Tables 4 and 5) are expressed as glucose equivalents. • 

DISCUSSION 

An excellent report on the composition of frankfurters and other sau- 
sage materials is given by Hoagland (1932). He reported variations in 
frankfurter composition of the same general magnitude as our analysis 
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for the skinless and animal-casing frankfurter. Pahlke (1944) reported 
an analysis of frankfurter emulsion, frankfurters processed from the emul- 
sion using animal and cellulose casings, and the same frankfurters after 
cooking. Solids, protein, calcium, and phosphorus were determined on 
samples of the above laboratory preparations and no significant differences 
were obtained between frankfurters processed in animal and cellulose 
casings. 

Our samples were obtained from the various packing houses without 
any knowledge of their past history. The frankfurters were both of the 
skinless and animal-casing type and were identical with frankfurters 
sold for consumer purposes. ‘^Skinless’' frankfurters are prepared by 
stuffing the frankfurter emulsion into cellulose tubes. The frankfurter is 
processed, and after processing, the cellulose tube is stripped from the 
finished product. ‘‘Animal-casing” frankfurters are prepared by stuffing 
frankfurter emulsion into tubes obtained from animal sources. The casings 
are usually processed from sheep, hog, and calf intestines ; the animal-cas- 
ing frankfurters in this report were processed in sheep casing. This type 
of frankfurter retains the casing as an integral part of the finished product. 


TABLE 1 

Composition of Purchased Franicfurters 
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10.52 
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26.51 

G 
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57,61 

58.05 

14.30 

14.46 

2.08 

1.94 

24.50 

24.21 

H 

2 

58.22 

58.00 

12.97 

13.14 

1.60 


19.04 

20.68 

I 
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58.02 

12.08 


2.28 

1.88 

20.26 

22.19 

J 
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.19.61 

60.99 

13.89 

14.26 

3.05 

3.58 

17.12 

14.84 

Averaee 

57.96 

.58.29 

13.24 

13.42 

2.09 

2.25 

22.39 

21.85 


A rather wide variation in composition of frankfurters from the differ- 
ent packing houses is shown (Table 1). In some samples a wide variation 
occurred between animal-casing and skinless frankfurters from the same 
source. Nevertheless, a close agreement occurred on the averaging of the 
percentages of constituents determined on the [Unless and animal-casing 
frankfurters. In no pair of analyses from a single source was the variation 
between skinless and animal-casing frankfurters as great as the variation 
between the composition of the same type of frankfurter from the other 
sources. For the consumer’s interest, Table 1 represents what he buys. 
Tables 2 and 3 give the composition of what he eats, and Tables 4 and 5 
show the composition of what the consumer discards. The “consumer- 
cooked” frankfurters retained an average of over 96 per cent of their 
solids, whereas the “severe-cooked” frankfurters retained an average of 
91 per cent of their solids. However, the severe-cook procedure is rarely 












TlBLE 2 

Composition of ** Consumer -Cooked** Frankfurters 
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Percentages of * * Consumer- Coolc* * Water Constituents Based on Original Weight of Purchased Frankfurters 
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TABLE 5 

Percentages of * ‘ Severe-Cook^ * Water Constituents Based on Original Weight of Purchased Frankfurters 

Carbohydrates 
after inversion 

Animal 

.-^OOt-rH© ;©'^©© 
t CO © I> o © : © © th 00 

^ d 1-H d ri d • d w fH w 

1.38 

Skinless 

rH « CO W rH : iH © 00 O 

^ O rH d d o* d O d IH 

o 

iq 

d 

Skinless 

.rH©eor-oi :©'^fHeo 
N w N © iq : w » 04 
d d d d d • d oi d co 

ao 

rH 

rH 

Carbohydrates 

Animal 

i4»00(MCO^-t- tOOlOOO 

^©lOiHrHrH 

£S- 

Carbohydrates 

Animal 

.■ft©©©Tf^ tiMWrHCO 

tS 04 © ©, 00 i> : cq © iq o 

d d d d d * d th d r4 

0.77 

Skinless 

:©C0Q0C0 

ft. .... 


Skinless 

■ t-rHiHOOCO :©©©tH 
% tH O C4 \0 HJ : 04 cq CO rH 

d rH d d d * d rH* d tH 

rH 

© 

d 

Protein 

Animal 

^JrHOOOO’^rHWCOCO 
SeW©03(NrHWWCvJrHCvJ 
ft. • 

to' 

Protein 

Animal 

. © rf C.4 10) 04 © © O Cl Cl 

t; rH © © © t'- X 1© rH oq fH 

^ d d d d d d d rn d rn 

b. 

b* 

d 

Skinless 

•j-‘eCTt<OO(MrHOC0<N»C 

^04©(MeiC40iW01GQ01 

© 

01 

Skinless 

tJ©C0OrHrH>H^©O-f© 

^rnTtilClC-t-tH-XH-© 

X 

Ash 

1 

‘2 

t> C<1 © lO © © »o © UO t'- 

ft. d fH d d d d d d d d 

29*0 

Ash 

Animal 

. O © © C C3 Cl H- »0 b- CO 

t © rH iq © cq Hj Cl h; © rn 

d ci rH rH r-' r-i r-«‘ rH fH 

>0 

1.0 

rH 

Skinless 

•<M©(MCO©©rH©l^O 

t; © o © '"t © «q © iq 00 

“■drH’dddddddd 

0.68 

Skinless 

pet. 

0.72 

1.53 

1.07 

0.85 

1.03 

1.01 

0.92 

1.35 

1.02 

1.46 

OT'I 

Solids 

Animal 

•C000eQTt<r-l©Tt<©»O© 

t: rH oi o © w 00 »q co iq 

®' T-i W* d r-i d r-i d tH d rH 

»c 

(?j 

tH 

Solids 

Animal 

pet. 

1.86 

4.76 

3.49 

2.95 

2.23 

3.82 

2.16 

5.19 

4.25 

5.57 

3.63 

Skinless 

pet. 

1.03 

2.4.5 

1.01 

0.98 

0.75 

1.12 

0.78 

1.80 

1.12 

1.72 

8S'l 

Skinless 

iO © © rH CO CO IH CO Cl © 

eq t> o o © Cl >q iq ci © 

^ tH CO ci ci r-i ci rH -t Cl 

2.54 

Number 

of 

trials 


Average 

Number 

of 

trials 

Cl C4 C4 C4 Cl Cl C4 C4 C4 Cl 

Average 

S 

1 


: I j j 

j : ; j : : j j : 1 

■4 pj d o' ^ d 2 .4 

Packing Co. 

• • J » J • » ! ^ ! 

1 1 • 1 1 1 1 t 1 • 

H n d o' h' Pm d tij Hi H 














VARIATIONS IN COMPOSITION OP FRANKFURTERS 


163 


approached in the preparation of frankfurters for food purposes. The 
column labeled ‘‘per cent of change'^ (Tables 2 and 3) shows the percent- 
age changes in weight of the cooked frankfurters calculated in terms of 
the initial weight of the uncooked frankfurters. When a loss in weight 
occurred, the percentage was recorded with a minus sign to denote shrink- 
age. A plus sign denotes a percentage gain in weight. Frankfurters that 
showed high shrinkage values gave a much larger proportion of their solids 
to the cooking water than frankfurters that showed little or no shrinkage. 

SUMMARY AND CONCLUSION 

A wide variation exists in the composition of frankfurters sold for 
consumer use. This variation exists in both skinless and animal-casing 
frankfurters. Frankfurters lose very little of their solid content when 
recooked for consumer use. A large portion of the frankfurter remains 
intact even after drastic boiling procedures. Both skinless and animal- 
casing frankfurters behaved in a similar manner when subjected to the 
consumer and severe cooking procedures. 
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Since the consumer demands tenderness in meat, study of beef tenderi- 
zation has been a major project in our research program for several years. 
Prom time to time what seemed to be paradoxical results were obtained. 
Such results could be duplicated and apparently were beyond the errors 
expected by the testing technique which is described elsewhere by Deather- 
age and Reiman (1946). These apparent discrepancies were, for the most 
part, results contrary to the premise that tenderness increases with post- 
mortem age of meat. If meat were a homogeneous substance one might 
expect that tenderness would vary directly with age, but some reflection 
on the heterogeneous structure of meat indicated that perhaps beef does 
not tenderize regularly with increasing aging time. 

It is impossible in this paper to review the many contributions to the 
knowledge of tenderness in meat. The works of Moran and Smith (1929 
et seq,), Smorodintsev and co-workers (1935 et seq,), Satorius and Child 
(1938), Steiner (1939), Winkler (1939), Griswold and Wharton (1941), 
Paul, Lowe, and McClurg (1944), and Ramsbottom, Strandine, and Koonz 
1945) are particularly relevant to this investigation. Up to this time, how- 
ever, there has been little information available on actual tenderness 
changes during the process of aging meat. The lack of this information 
might have been due to some extent to the variability in results obtained 
from different tenderness-testing techniques. Since, in this laboratory, a 
reproducible tenderness-tasting technique has been devised and since its 
reliability has been evaluated to some degree, the authors felt that they 
might be able to estimate the relation of tenderness to post-mortem age of 
beef. Such information would serve a twofold purpose : (1) supply informa- 
tion essential for a better understanding of the nature of tenderness in 
meat and (2) give data concerning the efficiency of tenderizing beef com- 
mercially by aging at 0.6-1.7°C.(33-35®F.). Accordingly this study was 
made of the relation between tenderness of beef and post-mortem age of 
beef. 

EXPERIMENTAL PROCEDURE 

Two lots of commercially slaughtered cattle were used in this investi- 
gation. The first lot consisted of 10 animals (Nos. 81, 82, 86, 87, 88, 89, 90, 
95, 96, and 97). These were slaughtered the same day and their carcasses 
graded U.' S. Good, except Nos. 86, 88, and 96 which graded U. S. Com- 
mercial. After 24 hours, both full loins from each carcass were excised and 
put into the 33-35®P. cooler and tested 2, 6, 10, 17, 24, 31, and 38 days 


* Preset address: Department of Agricultural Chemistry, Ohio State University, 
Colambns, Ohio. 


164 



RELATION OP TENDERNESS OP BEEP TO AGING TIME AT SS-SS^P. 


165 


after slaughter. Two weeks after the first lot was started the second lot 
of four cattle was slaughtered (Nos. 1, 2, 3, and 4). Of this lot No. 1 
graded U. S. Good, while the remaining three graded U, S. Choice. These 
four carcasses were treated as in the first lot and tested 3, 6, 10, 17, 24, 31, 
and 41 days after slaughter. The test meat in some instances was used up 
before the last test was done. Test meat was cut from one of the two loins 
until the whole loin was used up before cutting the second loin. For one 
half of the carcasses the right loin was used first, while in the remaining 
carcasses the left loin was used first. Four test steaks, seven-eighths inch 
thick, were cut from the excised loins for each test. This permitted dupli- 
cate taste testing by six experienced judges. The test steaks were cut from 
anterior end to posterior end for one half of the loins and in reverse order 
for the other half. Before taking the test steaks, one-quarter inch was cut 
off from the end of the loin and discarded. The steaks were broiled and 
tested as described in this journal by Deatherage and Reiman (1946) with 
the change that no preference ratings were made, since the two samples 
presented to the judges each time represented two different animals. The 
judges rated the broiled segments of the longissimus dorsi muscle according 
to the tenderness scale of 10, very tender; 8, tender; 6, slightly tough; 
4, tough ; and 2, very tough. With only minor substitutions the same panel 
of six experienced judges was used throughout the study. 

At the end of each test period the tenderness level of each carcass was 
computed by averaging the 12 individual scores given by the six judges in 
the duplicate testing of the loins. This tenderness value, therefore, corre- 
sponds to the tenderness level obtained in the duplicate half tests described 
in the above-mentioned paper. 

RESULTS AND DISCUSSION 

The reproducibility of results obtained in this study was comparable to, 
or somewhat better than, that previously reported. The data of this study 
were equivalent to 93 duplicate half tests, and the standard and probable 
deviations for the single half test by six judges were found to be 0.61 and 
0.40, respectively. In the previous report these figures based on data from 
438 duplicate half tests were 0.73 and 0.49, respectively. These deviations 
are expressed on the per- judge basis rather than on the panel or six-judge 
basis. The smaller deviations found in this study might result from using 
the same panel of tasters throughout. The results of this investigation are 
given (Table 1). 

Each value represents the average of 12 scores in duplicate tests by 
six judges. The initial tenderness levels (two- or three days) of the test 
animals fall into two groups. Group I consists of 12 animals with initial 
tenderness levels in the range of 3.08 to 5.17, a fairly close grouping per- 
mitting some degree of critical analysis. Group II consists of only two 
animals of high initial tenderness, 7.33 and 7.75. These animals were quite 
young, 18 months old or less. Since only two carcasses fall into Group tl, 
we can report only the results as any conclusions drawn from these animals 
would be too speculative. However, since these animals of high initial 
tenderness seem to present quite a different^ picture when compared with 
Group I animals, some useful information of basic interest might result 
from more complete study of animals falling into this category. 
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The tenderness curves for each animal are shown (Pigs. 1, 2, and 3) 
for the animals of Group I, and (Pig. 4) for those of Group II. It is at 
once apparent that not all the carcasses increase in tenderness with age 
throughout the period of observation. The decrease in tenderness during 
the aging period in some carcasses appears to be quite real as the data 
are outside the realm of experimental error. 


TABLE 1 

Relation of Tenderness to Post-Mortem Age of Beef 


Days after slaughter 


No. 

2 

3 

6 

10 

17 

24 

31 

38 

41 

81 

3.08 


4.33 

5.42 


6.25 




82 

4.58 


4.75 

5.92 

BilCB 

7.42 

8.25 

VK iS 


86 

3.42 


4.83 

5.92 

5.92 

5.83 

6.75 

7.17 


87 

3.67 


4.08 

5.50 

5.42 

5.92 

6.17 



88 

4-75 


5.67 

5.75 

7.00 

7.83 

7.58 

7.83 


RQ 



5.67 

6.08 

7.17 

7.08 

7.92 

8.17 


RnHIHH 

5.17 


6.42 

7.08 

7.42 

KliiM 

7.83 

Rlilil 



4.58 


6.42 

7.17 

7.58 

maim 

9.00 





96 

4-42 


4.58 

5.17 

6.33 

Mil 

7.75 

7.83 


97 



5.58 

7.08 

7.67 

Koiifl 

8.50 

8.50 


1 


4.00 

5.33 

5.92 

7.00 

6.75 

7.00 



2 


7.75 

7.67 

7.00 

7.92 

8.50 

7.25 


7.67 

3 


7.33 

7.47 

8.67 

8.17 

8.75 

8.50 



4 


4.08 

5.58 

5.75 

7.25 

5.17 

6.58 




In Group I some animals appear to become progressively more tender 
throughout the aging period, while others definitely seem to become tougher 
at some time during the aging. Individual variations in animals account 
for these differences, of course, but since the 12 animals of this group were 
initially close together in tenderness, it was thought that the results would 
permit some analysis as a collective unit. Accordingly, the average and 
median tenderness values have been computed for the 12 animals whose 
tenderization was followed for 31 days and for the eight animals followed 
for 38 days; these data are given (Table 2 and Pig. 5). It should be 
pointed out that since only two of the 12 animals were initially tested at 


TABLE 2 


Changes in Average and Medium Tenderness Values During 
Post-Mortem Aging at SS-S6* P, 


Poftt-mortem age 
at B8’35^F. 

8 animals 

12 animals 

Average 

Median 

Average 

Median 

dav» 






4.33 

4.50 

4.24 

4.25 


.5.21 

5.20 

5.26 

5.42 


6.05 

5.92 

6.06 

5.92 


6.95 

7.08 

6.90 

7.08 


7.06 

7.07 

6.84 

6.91 

31 

7,82 

7.88 

7.61 

7.79 

38 

7.88 

7.90 
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three days’ rather than two days’ post-mortem, these two values were in- 
cluded in the average and median values computed for the two days’ aging. 

Figure 5 clearly demonstrates that tenderness is not a smoothly increas- 
ing function with age of the carcass held at 33-35°F. Group I, as a whole, 
shows a break in tenderization at about 17 days, at which time there is a 
slight drop in tenderness from 17 to 24 days’ aging. At 31 days there 
appears to be some improvement beyond the 17- and 24-day levels. That 
there is a plateau or drop in the tenderization of the beef under study 
there can be little doubt. Since tenderness is not a smoothly increasing 
function with age, it is reasonable to suppose that more than one major 
factor (or structure) of beef contributes to the attribute of quality the 
consumer calls tenderness. Further, it may be considered that individual 
differences in animals (Figs. 1, 2, and 3) indicate the relative variation 
with respect to each other of these major factors responsible for toughness. 
It was considered that perhaps the irregularity of the curves (Fig. 5) 
might result from using both loins of the test animals or from using test 
meat from end to end of the longissimus dorsi muscle throughout this study. 
The authors are inclined to discount these arguments in view of the work 
of Ramsbottom et al. (1945) and from the fact that tenderness differences 
have not been observed from side to side of the animal as long as compar- 
able muscles were used for testing, nor has the observation been made that 
there were differences in tenderness in the longissimus dorsi muscle from 
the same animal. 

At this time it is only possible to speculate as to the underlying causes 
for the observations made in this investigation. Numerous authors have 
studied the role of connective tissue (both collagenous and elastic) in beef 
tenderness, while others have noticed changes in muscle fibers. Without 
reviewing the contributions of others the foregoing results may be in- 
terpreted by reflection on the work of these authors, particularly Moran 
and Smith (1929), Smith (1938), Steiner (1939), Griswold and Wharton 
(1941), Paul, Lowe, and McClurg (1944), and Ramsbottom, Strandine, and 
Koonz (1945). In the fresh uncooked state, meat consists of connective 
tissue fibers (both collagenous and elastic) holding together muscle fibers 
which in themselves may be roughly considered to be thin sheaths (sar- 
colemmae) enclosing a fluid substance which is coagulable on heating. 
More generally, muscle may be thought to consist of connective tissue (or 
preformed fibers) and intracellular fluid which is made up largely of 
coagulable protein in some sort of aqueous system. On cooking, this intra- 
cellular fluid coagulates to form a fiber ; thus, cooked meat may be thought 
to consist of two fibrous structures — connective tissue or preformed fibers 
(C) and coagulated muscle plasma (M). 

Before going further in this discussion it should be pointed out that 
chewing of meat may be considered a composite of one or more of several 
functions, such as shearing, tearing, crushing, grinding, and cutting, and 
that the jaws of the taster have a limited capacity to chew the meat and 
in this respect differ from a mechanical device to shear or crush the meat. 
As this limit is approached, meat is said to be tough ; when meat is called 
tender, relatively little work is done in chewing. Thus tender meat puts 
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relatively little strain on the jaw of the taster, whereas tough meat puts 
on the jaw a strain which approaches the maximum of the jaw muscle. 

Returning to the concept that cooked meat consists of fibers C and M, 
it has been observed that before cooking and during the aging process the 
precursors to M seem to disintegrate at a faster rate than C [Paul, Lowe, 
and McClurg (1944) and the authors' unpublished observations]. If this 
be the case it is not difficult to visualize that from the taster's viewpoint 
toughness owing to C is changed little compared with that owing to M. 
As aging proceeds toughness owing to M might tend to approach 0, while 
that owing to C is unchanged. If this condition remains for a period of 
time, then the taster observes no tenderization during this period. Aging 
further, C might disintegrate to the point that the fibers begin to lose their 
strength from the taster's point of view, at which time toughness owing 
to C diminishes. Such an approach could account for a plateau (Fig. 5). 



The foregoing data indicate that there is toughening during certain 
phases of the aging process, and this too may be explained in terms of C 
and M. One may imagine that C are strong in some cases so that they 
maintain their strength from the taster's point of view for some time 
during the aging period, while at the same time precursors to M, the muscle 
plasma (P), autolyzes so that on cooking the resulting M are weaker and 
less firm. Since C are elastic in nature, and if C maintain this elasticity 
while P changes so that M lose tensile strength, but remain firm or brittle 
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in character, M would give the taster a mechanical advantage in chewing 
C by shearing. In much the same way solid fat makes shearing or cutting 
of raw meat easier at 1.7®C.(35°F.) than the semiliquid fat at 26.7® C. 
(80®F.). From the mechanical advantage furnished by the firm but brittle 
or mealy M, C may be effectively masticated by the taster, thus to him the 
meat is tender. Now if aging proceeds further to the point where C is 
not yet effectively reduced but where P is autolyzed to form a still less 
firm M, one can imagine that C has lost the firm or brittle supporting 
substance. Hence, the mechanical advantage is lost for the taster and to 
him the meat becomes tough and chewy. It seems significant that some of 
the tasters participating in this study remarked from time to time quite 
spontaneously that samples under observation were stringy and chewy, 
yet the meat had the mealy quality of very tender meat. Going still further 
with aging, C may lose strength and the meat again increase in tenderness. 
The work of Steiner (1939) on the physical properties of meat is interest- 
ing in relation to this discussion. The foregoing remarks may not be the 
correct explanations but they are offered as a working hypothesis for 
subsequent studies. 

Taking Group I as a whole it appears that aging at 33-35®F. beyond 
two and one-half weeks is of little benefit when tenderness alone is consid- 
ered unless the beef is to be aged longer than four weeks. Of course, in a 
few cases it was found that tenderness continued to improve beyond 17 
days, but to offset this there were some carcasses that definitely became 
tougher beyond 17 days and did not recover to their 17-day tenderness 
level until aged 31 or more days. The results, whether considered collec- 
tively or individually, cast some doubt on the value of aging meat longer 
than two and one-half weeks if it is not going to be ripened for more than 
four weeks. 

SUMMARY 

Changes in tenderness of 14 beef carcasses during aging at 33-35°F. 
were determined by estimating after various intervals of time the tender- 
ness of the respective longissimus dorsi muscles by the subjective testing 
of broiled steaks. 

The tenderization curves of 12 carcasses having an initial tenderness 
of 3.08 to 5.17, inclusive, indicated some variation in the animals used. 

The meat from some of the animals became less tender at certain times 
during the aging period while some of the meat progressively increased in 
tenderness throughout the aging period. Tenderness of the group increased 
until 17 days. At 24 days there was no improvement or a slight drop in 
tenderness, and finally at 31 days there was some improvement beyond the 
17-day tenderness level. 

The results indicate that unless beef is to be aged at 33-35®F. beyond 
approximately four weeks it need be aged only two and one-half weeks. ** 

Two animals tested had high initial tenderness of 7.33 and 7.75. Their 
tenderization curves fell into no general pattern except only small improve- 
ment in tenderness was noted. These data are too limited to permit any 
generalization. 
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Stumbo, Gross, and Vinton (1945b) discussed the influence of meat- 
curing agents upon the thermal resistance of spores of P. A. 3679 in meat. 
The experimental procedure was to suspend in sterilized meat spores of 
P. A. 3679 which had grown in glucose brain broth. Inasmuch as it has 
been the effort in conducting these studies to correlate experimental labo- 
ratory procedure with commercial practice insofar as possible, a critical 
examination of the experimental procedure in the work of Stumbo, Gross, 
and Vinton (1945b) is pertinent. The experimental procedure outlined 
by these investigators does not fully cover all the possibilities that might 
occur in commercial practice. It is possible that spores which had been 
previously formed in meat might get into and be distributed throughout 
another lot of meat. It is also known that putrefactive anaerobes may be 
present in meat under normal conditions. Jensen (1945) very capably 
discusses this subject along with the controversial question of the source of 
such organisms. It is therefore presumed that there is the possibility that 
putrefactive anaerobic spores might normally be present in meat and that 
such spores might have formed in a meat substrate. Accordingly it is 
believed worth while to extend the studies of Stumbo, Gross, and Vinton 
(1945b) and to determine the thermal resistance of spores of putrefactive 
anaerobes which have been formed in a meat substrate. Other possibilities 
are concerned with the condition of the meat, namely, raw, pasteurized, 
and sterilized, and all of these conditions with and without curing agents 
in the amounts normally used in comminuted canned meats. If P. A. 3679 
is used as the test organism, the technique is relatively simple because 
the spores of this organism have a greater thermal resistance than the 
spores of any other mesophilic aerobic or anaerobic sporeformer so far 
encountered. 

Prom theoretical and practical considerations it would seem unlikely 
that any extensive contamination or inoculation with anaerobic spores 
would take place except from conditions where the spores had been formed 
in meat or meat juices. The formation of spores in glucose brain broth is 
purely a laboratory technique and may affect the thermal resistance of the 
spores. The growth of putrefactive anaerobes in meat or meat juices and 
the formation of spores under unintentional or unavoidable conditions is 
more likely. It is unlikely that any meats which have been handled under 
normal conditions of operation both with respect to temperature and time 
would contain large numbers of spores of putrefactive anaerobes. Spores 
of putrefactive anaerobes may be present in small numbers and possibly 
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those of several species. Aerobic sporeforming organisms are also present 
and substantial numbers of such organisms may unavoidably be present 
by the time the comminuted meat product receives the final thermal 
processing in the hermetically sealed tin container. 

Unreported laboratory studies of commercial significance indicate that 
normal comminuted cured meats in hermetically sealed containers just 
prior to thermal processing require relatively low levels of thermal process- 
ing for complete sterility. This observation has also been extended to 
include the fact that even though such products may not be sterile in 
the larger number of cases the spores which survive the thermal processes 
fail to germinate even after incubation at 23.9 to 29.4°C.(75 to 85°F.) for 
a period of 12 to 18 months. The data reported by Stumbo, Gross, and 
Vinton (1945b) is of theoretical importance and contributes to our knowl- 
edge of the subject but cannot be directly applied to explain the known 
facts regarding the bacteriology of commercial meat processing. It would 
appear that normal content of, contamination with, or artificial inoculation 
with anaerobic spores does not appear at any level in commercial practice 
approaching those indicated by the processes necessary in the work of 
Stumbo, Gross, and Vinton (1945b). It would seem also that either such 
levels of numbers in the products, inoculation, or contamination do not 
exist or else the thermal resistance of those organisms which are normally 
found in regular commercial practice is lower. It is the opinion of the 
authors that the thermal resistance of the organisms unavoidably occur- 
ring in meat under normal conditions of operation is lower than the 
values indicated by the theoretical work of Stumbo, Gross, and Vinton 
(1945b). 

The senior author (C. Vinton) of this paper observed during the course 
of earlier investigations that the spores of P. A. 3679 were considerably 
lower in thermal resistance when grown in raw meat as compared with 
those grown in glucose brain broth or sterilized meat. This appeared to 
be a clue that should be followed to some definite conclusion. The present 
paper is a report based on the investigation arising from this earlier 
observation. 

METHODS AND RESULTS 

The methods used were those described by Stumbo, Gross, and Vinton 
(1945a) with a few modifications and improvements. The meats, organs, 
and meat products were ground (one-fourth inch plate) and handled 
using aseptic technique insofar as possible at all times. For those materials 
which were pasteurized and sterilized, seven ounces were heated in eight- 
ounce, wide-mouth, screw-cap jars for 135 minutes at 73.9°C.(165°F.) and 
90 minutes at 121.1®C.(250°F.), respectively. Where indicated, sterilized 
curing agents were added in the proportion of salt, 3i/^ lb.; sugar, 1 lb.; 
sodium nitrate, 2% oz. ; and sodium nitrite, oz. per hundredweight of 
meat. Unless otherwise indicated the inoculation was one milliliter per 100 
grams of a spore suspension of Sg (P, A. 3679), as described by Stumbo, 
Gross, and Vinton (1945a); after mixing thoroughly the jars were incu- 
bated at 37®C.(98.6®F.) for eight days. If not used immediately after 
incubation the jars were placed under refrigeration until used. Spore 
counts were made after pasteurization using the decimal serial dilution 
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technique. Three tubes were used at each processing level. A Precision 
(No. 6546) oil bath was used and the temperature was maintained within 
0.17°C.(0.3®F.) by means of a sensitive mercury-type thermoregulator. 
All tubes were processed at 114.5° C.( 238.1 °P.) unless otherwise indicated. 
The processed tubes were cooled by transferring immediately to water at 
21.1°C.(70°P.). The processed and cooled tubes were subcultured into 
two-ounce, screw-cap bottles containing 30 ml. of glucose brain broth and 
glass beads. A short time in a mechanical shaker was sufficient to disin- 

TABLE 1 


Thermal Resistance of Spores Formed in Meat 


Media in which 
growth and spore 
formation occurred 

Spores 
of P.A. 

3fi79 
per prram 

F valu e ( z = 1 « ) 

Media in which 
Ifrowth and spore 
formation occurred 

Spores 
of P.A. 

8679 
per gram 

P value (z = 16) 

Sur- 

vived 

De- 

stroyed 

Sur- 

vived 

De- 

stroyed 

Raw meat — 




Raw meat — 




unciired 




cured 




Blade meat 

10,000 


1 

Blade meat 

10,000 

1 

2 

Blade moat 

10^000 

2 

3 

Blade meat 

10^000 


1 

Blade meat 

10^000 

1 

t) 

Blade meat 

10^000 

1 

1.5 

Blade meat 

10,000 

(> 

3 

Pork (20% fat)... 

10,000 

2 

3 

Blade meat 




Pork(20%fat)... 

10,000 

4 

5 

(pH 6.9) 

10,000' 

2 

mm 

Pork (40% fat)... 

2x10” 

3 

4 

Blade meat 

10,000 

4 

WM 

Pork (20% fat)... 

3x 10” 

3 

4 

Blade meat 

10,000 

3 


Average 


2 

2.9 

Ham 

10,000 

3 

H 

Pasteurized meat — 




Ham 

1 X 10' 

o 

3 

uncured 




Ham 

f) X 10" 

4 

5 

Blade meat 

10,000 

6 

8 

Blade meat 

1 X 10’ 

3 

4 

Blade meat 

10,000 

8 

10 

Pork butts.. 

2 X 10’ ! 

4 

5 

Ham 

10,000 

8 

10 

Blade meat 

5 X 10’® 

1 

i> 

Ham 

5 X 10® 

10 

— (12)® 

Blade meat 

1 X 1 O'" 

o 

3 

Blade meat 

7 X 10® 

14 

-~(16)* 

Blade meat 

1 X 10^ 

1 

2 

Ham 

8 X 10® 

8 

10 

Blade meat 

1 X 1 O'* 

2 

3 

Ham 

4 X 10’ 

8 

10 

Beef trimminfjj^s... 

3 X 10® 

3 

4 

Average 


8.9 

10.9 

Ham 

4x 10® 

3 

4 

Sterilized meat — 

1 

Ham 

7x10® 

4 

5 

uncured 




Blade meat 

7x10® 

; ^ 

4 

Ham 

10,000 


12 




Blade meat 

10,000 

i 

6 

1 o 

8 

Average 


2,5 

3.5 

TTl^kOf' 

1 n non 

1 0 

f 1 4 V' 





Ham 

2x10' 

16 

— 

— (18)» 





Blade meat 

6x10' 

12 

14 





Ham 

4x 10” 

5 

6 





Average 


10.1 

12.0 


' Inoculated with spores which had resisted process F 8. * Plus 3 x 10® Staphylococcus No. 184. 
® End point not reached; value assumed. 


tegrate the solid contents of the bottles. The bottles were then incubated 
at 37° C. for eight days and growth was determined by the following 
criteria: digestion of the meat and brain, darkening of the brain, gas 
formation, odor, and microscopic examination. The results for thermal 
resistance were recorded as F values (z equals 16) for the last processing 
level showing any positive tubes and the first processing level showing all 
negative tubes. 

Thermal Resistance of Spores Formed in Meat: The thermal resistance 
of the spores formed in meat varied widely (Table 1). For 20 samples of 
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raw meat without cure the average F values for survival and destruction 
were 2.5 and 3.5, while for seven samples with cure 2.0 and 2.9 were found. 
For seven samples of pasteurized meat without cure the average F values 
for survival and destruction were 8.9 and 10.9. For six samples of sterilized 
meat without cure the average F values were 10.1 and 12.0. For sterilized 
meat with cure values were found to be in the same range, indicating that 
cure apparently has little or no effect on thermal resistance. Typical data 
for sterilized meat with cure are reported in the section on the effect of 
substrate on the slope of the thermal death time curve. 

TABLE 3 


Thermal Resistance of Spores Formed in Commercial-Type 
Meat Products 


Product in which growth and spore 
formation occurred 

Spores 

P. A. 3679 
per gram 

pH 

Thermal resistance 
Pfz = 16) 

Survived 

Destroyed 

Liver pudding 





Raw 

4xJ0'’ 

4.1 

.... 

<1 

Pasteurized 

5 X 10“ 

4.6 

6 

7 

Sterilized j 

2 X 10* 

5.8 

6 

7 

Liver sausage 





Raw 

3x10* 

6.0 


4 

Pasteurized 

6x10’ 

6.0 

11 

12 

Sterilized 

2x10“ 

5.8 1 

6 

7 

Luncheon meat (20% fat) 





Raw 

5 X 10“ 

5.5 

4 

5 

Pasteurized 

6x 10‘ 

5.6 


10 

Sterilized 

8x10“ 

6.4 

9 

10 

Pork sausage (40% fat) 





Raw 

6 X 10" 

7.1 

4 

5 

Pasteurized 

9 X 10“ 

6.5 

7 

8 

Sterilized 

1x10’ 

6.5 

9 

10 

Pork sausage (50% fat) 





Raw 

2x10“ 

5.7 

4 

5 

Pasteurized 

9x10“ 

6.5 

7 

8 

Sterilized 

6x 10’ 

6.4 

7 

8 

Average 





Raw^ 



3.8 

4.8 

Pasteurized 



8 

9 

Sterilized 



7.4 

8.4 


^ Omitting liver pudding. 


Thermal Resistance of Spores Formed in Organ Tissue: The ther- 
mal resistance of spores formed in organ tissue was found to vary widely 
(Table 2). For six different organ tissues the average F values for survival 
and destruction were as follows: raw, 3.3 and 4.3; pasteurized, 11.3 and 
12.3 ; and sterilized, 12 and 13. When curing agents were present the 
values were as follows: raw, 3.7 and 4.7; pasteurized, 10.3 and 11.3; and 
sterilized, 8.5 and 9.5. 

Thermal Resistance of Spores Formed in Meat Products: Representa- 
tive types of meat products were selected and the required amount of the 
meat product was taken from a load in the plant. The data (Table 3) 
show that the thermal resistance expressed as average F values for survival 
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and destruction were raw, 3.8 and 4.8 ; pasteurized, 8 and 9 ; and sterilized, 
7.4 and 8.4. 

Effect of Medium in Which Spores Are Formed Upon Their Thermal 
Resistance: In this series of experiments spores of P. A. 3679 were allowed 
to form in raw meat with and without cure and in raw organ tissue. 
Thermal resistance tests were then made. Transfers of one gram of each 
of these materials were made to glucose brain broth and the cultures were 
incubated at 37®C.(98.6°P.) for eight days. Sufficient spores were taken 
from the glucose brain broth suspensions and mixed in raw meat to give a 

TABLE 4 


Effect of Medium Upon Thermal Resistance of Spores Formed 


First medium 

Second 

medium 

Thermal resistance; P value (z = 16) 



Grown in 

First medium 

1 Second medium 

Grown and heated in 

Spores 

brain broth ; 

Sur- 

Do- 

Sur- 

De- 



heat^^d in 

vived 

Ktroyed 

vived 

stroyed 

Blade moat 

1 X 10* 


1 

o 

6 

8 

Blade meat 

1 X 10^ 



2 

8 

10 

Ham 

1 X 10“ 


2 

3 

6 

8 

Blade meat (pH 5.9) 

a X 10“ 


1 

2 

6 

8 

Blade meat 

2xl(f 

, 

1 

2 

8 

10 

Blade meat 

3 X 10' 


1 

o 

8 

10 

Blade meat 

3 X 10' 

Raw meat — 

2 

3 

6 

8 

Ham 

3 X 10" 


3 

4 

6 

8 

Beef trimmings (pH 6.8) 

3 X 10'* 

10,000 

4 

5 

6 

7 

Average 



1.8 

2.8 

0.7 

8.7 

Blade meat, cured 

1 X 10* 

spores 

1 

2 

8 

10 

Blade meat, cured 

S X 10" 

Dpr crrfiiii 

1 

2 

8 

10 

Blade meat, cured 

2 X 10' 


1 

o 

8 

10 

Blade meat, cured 

3 xlO' 

on all 

1 

2 

12 

14 

Average 



1 

2 

9 

11 

Pork liver 

1 xl0‘ 


3 

4 

5 

6 

Pork hearts 

3 X 10' 


4 

5 

7 

8 

Beef spleen 

2 X 10" 


4 

5 

5 

6 

Beef lungs 

3x10" 


5 

6 

6 

7 

Average 



4 

f) 

5.8 

6.8 

Over-all average 



2.1 

3.1 

7,0 

8.7 


concentration of 10,000 per gram. The thermal resistance of the spores 
which had formed in glucose brain broth was then determined. The data 
from this series of experiments (Table 4) show that the average F values 
for survival and destruction for spores formed in raw meat were 1.8 and 
2.8 and when cure was added to the raw meat the values were 1 and 2. 
The thermal resistance of the spores formed in glucose brain broth after 
transfer from raw meat gave an average P value of 6.7 survived and 8.7 
destroyed, while those grgwn in glucose brain broth after transfer from 
raw meat with cure gave an average P value of nine survived and 11 
destroyed. The spores formed in glucose brain broth after transfer from 
organ tissue gave an average P value of 5.8 survived and 6.8 destroyed 
which occur in the same range as those found for spores from glucose 




STUDIES RELATING TO THERMAL PROCESSING OP CANNED MEATS 179 


brain broth after transfer from raw meat and raw meat with cure although 
they are somewhat lower. The difference in thermal resistance between the 
spores formed in glucose brain broth and those formed in organ tissue is 
not very great and not nearly so great as that between spores formed in 
glucose brain broth, in raw meat, and in raw meat with cure. The values 
found for the thermal resistance of the spores formed in raw organ tissues 
are the same order as those found previously and recorded (Table 2). 
However, the resistance of the spores grown in glucose brain broth after 
transfer from growing in raw organ tissue seems to be somewhat lower 
.than is normally found for spores growing in glucose brain broth. 

A control determination was included in this series of experiments. 
The control consisted in determining the thermal resistance of the spores 
formed in glucose brain broth after several consecutive transfers. In three 
such determinations the thermal resistance was found to be an F value 
of eight survived and 10 destroj^ed in all three experiments. 

Effect of Transfers From Medium to Medium Upon Thermal Resist- 
ance: The standard suspension of Sg (P. A. 3679) was used and one ml. 
per 100 grams was added as inoculum to aseptically prepared raw blade 
meat. The inoculated meat was incubated eight days at 37® C. Thermal 
resistance determinations were then made. Both glucose brain broth and 
aseptically handled raw meat were inoculated from this meat using one 
gram to 30 ml. and one gram to 100 grams, respectively. After incubation 
eight days’ thermal resistance determinations were made. One gram of 
the meat was used as inoculum for 100 grams of aseptically handled raw 
blade meat and 30 ml. of glucose brain broth and incubated eight days 
again. Thermal resistance determinations were made and one gram was 
used as inoculum for 30 ml. glucose brain broth. After eight days’ incu- 
bation thermal resistance determinations were made. The thermal resist- 
ance determinations on all spores formed in glucose brain broth were made 
by suspending the indicated number of spores in aseptically prepared raw 
blade meat. The last transfer of raw meat to brain broth was lost through 
accidental autoclaving of the glucose brain suspension before thermal 
resistance determinations had been made. The experiment was repeated. 
The data for the two experiments are shown (Table 5) and times of sur- 
vival and destruction are given as P values assuming a z value of 16° P. 
The average P values for spores formed in meat were 2.1 survived and 
3.0 destroyed, while the average P values for spores formed in glucose 
brain broth were 7.6 survived and 9.2 destroyed. 

Effect of Substrate on Slope of Thermal Death Time Curve: The slope 
of the thermal death time curve was determined for spores of Sg (P. A. 
3679) formed in raw meat plus cure and in sterilized meat plus cure. Nine 
tubes were used at each processing level for six temperatures and the data 
are shown (Table 6). The P values were 4.2 and 7.7 for raw and sterilized 
meat, respectively, while the z value was constant at 15.2° P. for both. 

The slope of the thermal death time curve of spores of Clostridium 
sporogenes (Spray) was also determined. The source of the culture was 
described by Gross, Vinton, and Stumbo (1946). The average times for 
four different determinations are shown (Table 6), and the F values 
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obtained were 2.3 and 4.1, respectively, for raw and sterilized meat with 
cure. The z values were 14.8°F. and 15.1°F. for raw and sterilized meat 
with cure, respectively. These values can be considered identical within 
the limits of the experimental error. 

DISCUSSION 

It is apparently a well-known fact often observed and commented upon 
that the resistance of spores is variable and dependent upon many factors 
among which are the substrate in which the spores were formed. Esty 
and Meyer (1922) state that spores which develop in certain mediums are 
always of very low resistance and that supplementary tests have further- 
more shown that striking variations are obtained when the spore suspen- 
sions are prepared and heated in the culture fluid in which they have been 
produced. Buchanan and Fulmer (1930) state that composition and char- 
acteristics of the medium are important in determining the thermal death 
rate: ‘'The medium in which sporulating bacteria have been grown is of 
importance in determining the thermal death time. This is well shown by 
the results of Esty and Meyer (1922) who worked with spores of Clou- 
iridium hoiulinnm grown in various media. The thermal death times were 
found to vary as much as 100 per cent.’^ 

Rahn (1945) states that the medium in which bacteria are suspended 
can influence the death rate. The pll value of the medium is of great 
importance but often differences in pll alone cannot explain differences in 
two media. Cameron, Esty, and Williams (1936) make an interesting com- 
ment regarding possible loss of original high thermal resistance of spores 
through laboratory manipulations. 

The comments of Tanner (1944) are also of interest. Tanner lists sep- 
arately a number of factors known to affect the thermal death time values 
among which is the reaction of the menstruum in which spores are heated 
and resistance was the greatest close to the neutral point: “According to 
Dickson et al, (96) spores propagated in a neutral medium showed greater 
heat resistance than those from acid or alkaline media. Tanner also 
reports: “Esty and Meyer (1922) observed that the heat resistance of 
spores of Clostridium hotulinum varied considerably even from the same 
strain and that while some factors are known others were unknown. The 
heat resistance of spores of Clostridium hotulinum in 17 varieties of canned 
food juices showed a variation of from less than ten minutes to 230 minutes 
at 100°C.(212‘^F.).’’ 

In this report evidence of the variation of thermal resistance of spores 
owing to substrate has been advanced. No mechanism is suggested to ex- 
plain this variation. Unpublished work from this laboratory shows that 
this effect can be demonstrated for other sporeforming organisms both 
aerobic and anaerobic. 

It is suggested that the variation of thermal resistance of spores owing 
to substrate and the inhibition of germination of spores owing largely 
to salt may be used to correlate theoretical bacteriological data and the 
commercial results obtained in meat canning. Under ordinary conditions 
of commercial practice viable spores may be present in the finished product 
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ill rather small numbers and germination is inhibited by the presence of 
salt and other meat-curing agents. Under unusual conditions either the 
number or the thermal resistance of the normal number or both permit a 
larger number of spores to survive the standard thermal processing. Thus 
the number of spores may be greater in the finished product and the limit 
of inhibitory effect on germination by t^ e salt and curing agents may be 
reached. Stumbo, Gross, and Vinton (194;)c) show that the inhibitory 
effect is directly related to numbers of spores present. An explanation such 
as proposed would serve to explain the usual low percentage of spoilage 
in a given lot because while the average number of spores was approaching 
that beyond w^hieh salt and curing agents would no longer inhibit germi- 
nation, the possibility is good that greater numbers and lower salt content 
in small volumes of the product might exist. Under such conditions a few 
cans per thousand might show spoilage and such spoilage might not be 
apparent for several months under ordinary storage conditions. 

It is not the intention of the writers to minimize the number of factors 
yet unknown or the need for continued research on this problem. Rather 
it was the intention to point out the possibility that the two factors of 
variation in thermal resistance owing to substrate and inhibition of 
germination owing to curing agents might be the connecting links to 
rationalize bacteriological data with the results obtained in commercial 
[iractice. Additional work should be done especially to extend the obser- 
vations and more especially to include work on the x>Dblic-health aspects. 
The commercial results and theoretical bacteriological data do not agree 
on this subject either. Another angle which needs further study is the 
determination of the slopes of the thermal death time curves for the 
important organisms concerned in meat processing both from spoilage and 
public-health aspects. In the experience of the writers no values of 
18° F. for the slope of the thermal death time curve for anaerobes in meat 
have yet been found although this value is normally assumed when no 
better information is at hand. Such an assumption when the value may 
actually be 16°F. causes an error of 100 per cent in the calculation of the 
lethal value of a process at a temperature of 100°(/. (212°F.). Of course 
there is no difference in process values at 121.1°C.(250°F.) and the error 
becomes less as temperatures approach 250°F. 

SUMMARY 

The effect of substrate upon the thermal resistance of spores formed 
If it has been demonstrated for P. A. 3679 in meat, organs, mixtures of 
meats, and for mixtures of meats and organs. The thermal resistance of 
the spores is less when grown in raw meat or organs and increases when 
grown in either pasteurized or sterilized meats and organs. The average 
increase amounts to approximately three times. 

The effect was shown to be related to the substrate itself through 
repeated raising and lowering of resistance by transfer from media to 
media. 

The substrate is shown to have no effect on the slope of the thermal 
death time curve for P. A. 3679 or for Clostridium sporogenes (Spray.) 
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Previous papers in this series were concerned with theoretical studies 
attempting to determine the influence of various factors upon thermal 
processing using spores of P. A. 3679 as the test organism. Every effort 
was made to correlate the laboratory scale studies with commercial prac- 
tice so that the results obtained could more rcadilj- be evaluated with 
respect to possible practical applications. Even so there appeared to be 
some unavoidable differences between laboratory technique and commercial 
practice. One important differeiuic was the fact that a known number of 
spores of P. A. 3679 were used as inoculum whereas under commercial 
conditions the numbers and species are unknown and probably variable. 

An effort was made to find some practical method to gain information 
regarding the bacteriological condition of the meat products just prior 
to thermal processing. The point of greatest concern was thought to be 
the level of thermal resistance of the spores present in the meat product. 
Further, by a process of fractionation by thermal resistance the bacterio- 
logical condition of the product could be evaluated with respect to spores 
of organisms having a reasonably high thermal resistance. Such a method 
was developed and is described in detail. Typical results obtained from a 
weekly survey of three plants over a period of 18 months are also presented. 

EXPERIMENTAL PROCEDURE 

The general technique used was described by Stumbo, Gross, and Vin- 
ton (1945a) ; however, it is thought worth while to review it in detail 
because some slight changes have been made. 

The samples were secured by taking hermetically sealed cans from a 
production line just prior to thermal processing. The samples were han- 
dled immediately or,* if from another plant, were immediately placed in 
dry ice and packed for shipment. Sufficient dry ice was used so that a 
reserve supply still remained upon arrival at the laboratory. The frozen 
samples were defrosted by holding in running tap water at approximately 
21.1®C.(70°P.) for sufficient time; for example, two hours were sufficient 
for rectangular cans 402 x 310 x 1208 containing six pounds of meat. 

The cans were opened and the top half of the meat removed with sterile 
equipment in an aseptic manner. The center portion was removed and 
placed in the chamber of a sterile Alemite gun fitted with a needle suitable 
for stuffing 10 x 75 mm. chemical test tubes (Kimble No. 45050) with 
approximately one gram of meat. The tubes were then sealed in a blast 
lamp forming a loop at the top so that a number of tubes could be joined 
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together with a safety pin for simplicity of handling and identification 
during the processing and cooling operations. 

The tubes were then processed in an oil bath (Precision No. 6546) 
controlled to within 0.17®C.(0.3°F.) of any desired temperature for the 
necessary time to secure the desired process values corrected for the 
heating and cooling lag. For example, 40 tubes were processed at 101.2°C. 
(214.2°F.) using 10 tubes at each processing level of 0.05, 0.2, 0.6, and 
1.0 Fo values corresponding to 421, 1,341, 3,795, and 6,249 seconds actual 
heating time, respectively. The total time for a process value of Fo 1 was 
obtained by determining the factor Fi at 214.2°F. by reference to the 
tables of Ball (1928) assuming a value for z of 18°F. which is a customary 
commercial practice in process calculations. The value of Fi was found to 
be 102.24 and therefore 102.24 minutes would be required to which must 
be added the heating and cooling lag correction of 1.91 minutes making a 
total time of 104.15 minutes or 6,249 seconds. The cooling operation con- 
sisted of immediately, transferring the tubes to a water bath of 21.1®C, 
(70°F.) when the process in the oil bath was complete. 

After processing and cooling six tubes were subcultured into 30 ml. 
of glucose brain broth contained in two-ounce, screw-cap bottles also 
containing glass beads. The bottles were shaken to disintegrate the parti- 
cles of meat and were then incubated for a total time of 14 days at 37° C. 
(98.6°F.). Observations were made at intervals to determine whether there 
was any evidence of growth. Growth was determined by the following 
criteria: digestion of the meat and brain, darkening of the brain, gas 
formation, odor, and microscopic examination. Four unopened tubes were 
held at room temperature of 23.9 to 29.4°C.(75 to 85°F.) for observation 
over a period of 18 months. Visual inspection was used as an indicator 
of bacterial activity in the meat. The confirmatory test used was sub- 
culture into glucose brain broth for tubes showing visual evidence of 
activity and for those in the doubtful classification. 

RESULTS 

The data are summarized (Table 1) for the subculture of five to six 
tubes and for the incubation of three to four tubes from each processing 
level for each sample. The incubation period was at a room temperature 
of 75 to 85°F. for nine to 18 months and visual inspection showed no 
definite evidence of spoilage in any of the tubes at any processing level 
for any period of incubation, although at the end of the 18 months* 
incubation three tubes were suspected inasmuch as they had either lost 
their original color or were discolored. These tubes were subcultured 
with negative results. The records indicate that duplicates of these tubes 
were also negative when subcultured immediately after processing. There- 
fore after nine to 18 months of incubation there was no confirmed visual 
evidence of spoilage. A few tubes showing suspicious loss of color or 
showing discoloration are among the group which have not yet reached 
the 18 months* incubation period at which time they will be opened and 
subcultured. A random sampling of the tubes which have passed through 
the 18-month incubation period indicated that the spores were still viable 
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in the tubes which were duplicates of those showing viable spores when 
subcultured immediately after processing. The reason for not subcultur- 
ing all of these tubes is that it is planned to hold the larger part of them 
for an indefinite period in the future to serve as a check on whether or 
not delayed germination as long as two or three years might occur and also 
to check whether or not the spores will remain viable over similar periods. 

TABLE 1 


Thermal 'Resistance of Spores Normally Present in Canned Meat 




Xumber 

Number 
of samples 

Subculture after 
T)ro(U*ss 


A'isual inspection ; 

incubated at 

7.5 to 85°P. from 

0 to 18 months 

Product 

Plant 

of 

sumjiles 

sterili* at Po 

Tubes 

proccs.sed 

each 


Tubes 

lH)sitive 

Po 


Number 

of 

tubes 

Number 
positive at Fo 




0.2 

0.0 

1.0 

level 1 

0.2 

0.6 

1.0 

0.2 0 0 1.0 

Pork luncheon 
meaP in 12-oz., 

A 

45 

12 

22 

37 

253 

130 

64 

17 

169 


2 ^ 5 ', and 6‘lb. 

B 

28 

3 

14 

19 

154 

103 

55 

35 

105 


cans 

C 

33 

12 

If) 

24 

181 

73 

52 

37 

122 

None 

(liopped ham* 
in 6- and 8*lb. 

A 

0 

0 

5 

8 

47 

23 

11 

6 

32 1 

on any 

cans 

B 

8 

1 

0 

3 

45 

23 

21 

14 

30 


Bulk pork sau- 
sage* in 24- and 

A 

9 

2 

1 

4 

46 

26 

31 

9 

32 


34-oz. cans 

B 

12 

1 

5 

7 

62 

37 

17 

9 

41 



^ OompositioTi : picnios, butts, loan trimmings (20% fat), and blade meat in order of diminish- 
ing percentages. Salt content, 2. 0-2.4%, ; fat content, 2()-22%. =* Composition : heavy bams. Salt 

content, 2. 8-3. 8%; fat content. lH-20%,. •'‘Composition; lean (20% fat) and regular (50%fat) 
pork trimmings. Salt content, 2. 2-2.0%,; fat content, 25-40%,. 


The data show that the percentage of tubes showing viable, spores 
decreases with the increase of thermal process value as might be expected. 
There ayipeared to be significant differences in the results on pork lunch- 
eon meat since a lower percentage of positive tubes was observed through- 
out for Plant A. It is also especially significant that the percentage of 
positive tubes for Plant A at Po 1 is approximately one-third the values 
for Plants B and V. The data for chopped liam also show a difference 
favorable to Plant A. It is interesting to note that apparently the condi- 
tions of handling were reversed in favor of Plant B for bulk pork sausage. 

On a part of the samples a processing level of Fo 0.05 Avas also used; 
these samples are not included in the data in Table 1. Considering all 
products 826 tubes were processed at this level and 206 were positive when 
subcultured. There were also 185 tubes held for the incubation period 
wiiich at the end of 18 months did not show any visible evidence of spoilage 
although subculture of a few tubes indicated that viable spores were still 
present. 

DISCUSSION 

It is interesting to note that for the pork luncheon meat containing 
2.9 to 3.4 per cent salt processed tubes were positive upon subculture as 
follows: 7 to 23 per cent at Fo 1, 25 to 35 per cent at Fo 0.6, and 52 to 
65 per cent at F„ 0.2. Yet, although the duplicate tubes have been incu- 
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bated at 75 to 85 °F. for nine to 18 months, there is no visual evidence of 
spoilage. The previous experience of Stumbo, Gross, and Vinton (1945e) 
indicated that visual observation correlated directly with germination of 
spores and growth as did also organoleptic observations on the tubes after 
opening. 

Since there was no visual evidence of growth (spoilage) in any of the 
tubes at processing levels of F„ 0.05, 0.2, 0.6, and 1.0 and yet there were 
viable spores present at the beginning and end of the incubation period, 
the conclusion seems warranted that there has been inhibition of ger- 
mination. Observations of Stumbo, Gross, and Vinton (1945b) would 
seem to indicate that the salt concentration might be the most important 
single factor inhibiting germination of spores in canned meat products. 
It is also probable that the numbers of viable spores are low, and so 
relatively low amounts of salt such as were used in bulk pork sausage 
would still inhibit germination and growth. The data for chopped ham 
is kept separate because it seemed that possibly hams might show a higher 
number of heat-resistant, sporeforming organisms because the ham is the 
last })art of the carcass to be chilled completely after slaughter. The small 
amount of data available do not permit any final conclusions to be drawn 
but there appears to be an indication that the chopped ham was in about 
the same bacteriological condition as the pork luncheon meat. 

The data for bulk y)ork sausage are of interest because the salt content 
was somewhat lower than on the other two products and yet there was no 
visual (evidence of growth on the tubes held at room temperature for over 
nine months. It would appear tliat the ))er cent of tubes showing viable 
si)ores at the lower processing levels is higher tlian for pork luncheon meat. 

It is the opinion of the authors that this work should be regarded as 
preliminary and possibly indicating a promising angle of attack upon 
the problems relating to the thermal processing of canned meat. However, 
no definite or final conclusions sliould be drawn because this work should 
be checked and considerably extended before sufficient data are available 
to justify final conclusions. It is also the opinion of the authors that an 
attempt should not be made to interpret this work as indicating that low 
thermal processes may be commercially safe or that inhibition by salt can 
be depended upon on a commercial scale in preventing spoilage. A vast 
amount of work yet remains to be done and to be checked by others on an 
industry-wide basis before such conclusions are warranted. 
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The problem of the destruction of bacteria by heat has interested many 
investigators. Major attention has been directed toward determining such 
data for spore-bearing organisms because of their relationship to the spoil- 
age of canned foods as well as because of theoretical considerations. The 
thermal death time of nonsporeforming organisms is also of commercial 
significance in connection with pasteurization processes. Reamer and Tanner 
(1939) present an excellent review of the historical background of thermal 
resistance studies as well as an unusually complete bibliography. 

Stritar (1941) presented data on the thermal death time of several 
strains of food-poisoning staphylococci in curing solutions and in meat 
with and without the addition of curing agents. No other references to 
the determination of thermal resistance of staphylococci in meat were 
found. Therefore it was thought that further work might be of value 
both to confirm the work of Stritar and to extend it. 

Gross and Schaub (1945) suggested a new method for evaluating the 
lethality of pasteurization processes for meat products. Their arbitrary 
value F' will be used to express the lethality of the pasteurization processes 
necessary to destroy an artificially inoculated, heat-resistant, food-poisoning 
strain of staphylococci in meat. In order to use the P' value the thermal 
death time curve must be known, determined, or assumed. The data of 
Stritar (1941) can be calculated for this purpose and Ball (1943) has 
already calculated the data of Beamer and Tanner (1939) in this man- 
ner. Inasmuch as some assumptions must be made regarding the rate of 
heat penetration in connection with the work of Stritar, and Beamer and 
Tanner did not use a meat substrate, it was decided to attempt to deter- 
mine the thermal death time for the heat-resistant strain of food-poisoning 
Staphylococcus No. 184 in meat. It was decided to use the method de- 
scribed by Stumbo, Gross, and Vinton (1945a). This method gives absolute 
thermal death times by using the end-point technique. 

In the determination of the thermal resistance of an organism many 
factors may affect the results obtained. Important among these is the 
medium in which the organisms were grown and in which they are sus- 
pended for the thermal processing. In order that laboratory data may 
have significance when the attempt is made to translate it into terms of 
commercial practice it is important that the experimental procedure be as 
closely related to commercial practice as is possible. The major problems 
in experimental technique arose because of the effort to conduct the labo- 
ratory experiments under conditions comparing closely with commercial 
practice. 
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After a meat product is artificially inoculated with staphylococci they 
they may or may not grow under normal conditions during the period 
prior to thermal processing. If the organisms grow in the meat substrate 
their thermal resistance after growth may be altered, and therefore it is 
important to include this possibility in any study. Whether or not the 
artificially inoculated organisms grow under normal conditions in the 
particular meat product under investigation is a problem in itself. In 
this investigation the point of major interest is determining the thermal 
resistance of staphylococci in meat. From a theoretical standpoint it may 
be assumed that there is the possibility of growth under some unusual 
conditions. The problem therefore appears to fall into three major subdi- 
visions as follows : first, the thermal death time of staphylococci artificially 
inoculated into meat; second, the thermal death time of staphylococci 
artificially inoculated into and growing in meat ; and third, a limited study 
of the possibilities of growth of artificially inoculated staphylococci in 
meat products under normal conditions of handling under refrigeration. 

Tanner (1944) states that evidence indicates that organisms in old 
cultures appear to be more heat resistant, so both 48-hour and 14-day 
cultures were used. In the determination of the thermal death time of 
staphylococci grown in meat for 48 hours and for 14 days there appeared 
to be a number of possible combinations which might exist in the product 
at the time of inoculation. These conditions were presumed to be with and 
without curing agents in raw, pasteurized, and sterilized meat. 

For demonstration of the identity of isolated organims thought to be 
Staphylococcus No. 184 no fully reliable and reproducible test was avail- 
able except possibly the use of susceptible human volunteers. The Dolman 
kitten test was not found to be fully reliable even on known materials. 
During a part of the investigation the diagnostic media proposed by 
Chapman (1945) was used. This media is a phenol red mannitol agar 
with 7.5 per cent salt content. It was found to be excellent for differ- 
entiating coccal forms by suppressing the growth of the other forms. 
Staphylococcus No. 184, as well as a number of other coccal forms common 
to packing-house flora, grew luxuriantly on this media. From the scant 
evidence available there was no conclusion warranted that this media is 
suitable as a diagnostic media for pathogenic staphylococci. 

METHOD AND RESULTS 

Organism, Inoculum, and Technique: The test organism No. 184 was 
obtained from Dr. J. E. Stritar of the Eesearch Laboratories of the Ameri- 
can Meat Institute, Chicago, Illinois. Dr. Stritar stated that it was the 
most heat resistant of 16 strains obtained from Dr. G. M. Dack of the 
Department of Bacteriology, University of Chicago. These strains were 
known to produce enterotoxin and cause Staphylococcus-type food poison- 
ing in monkeys and kittens as well as in human volunteers. The organism 
grows well in plain broth and in meat alone or with curing agents. Dack 
(1943) states that strains of Staphylococcus grow well in cured meats 
and in salt meat containing five to 10 per cent salt which inhibits the 
growth of sporeforming and nonsporeforming rods. This was confirmed 
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and the effect was later utilized in helping to isolate staphylococci from 
mixed cultures. 

The broth cultures were produced by inoculating proteose-peptone salt 
broth (five gm. proteose-peptone, five gm. dextrose, three gm. beef extract, 
65 gm. salt, made to one liter, adjusted to pH 7) with Staphylococcus No. 
184 and incubating at 37°C.(98.6°P'.) for 48 hours and for 14 days. This 
broth will be referred to hereafter as salt broth. 

The general method was fully described by Stumbo, Gross, and Vinton 
(1945a). Lower processing temperatures were used but oil was retained 
as the heating medium. The initial temperature of the tubes was 6.1° C. 
43°F.) and the cooling medium was water at 21.1°('. (70°P^.). Deter- 
mination of the rate of heat penetration in meat showed that it was normal 
and proceeded by conduction. The eoj*rection for heating and cooling lag 
was determined, using the methods suggested by Sognefest and Benjamin 
(1944). The correction was three minutes wutliin the experimental error 
for the 10 x 75 mm. chemical test tubes containing meat over the tempera- 
ture range of 57.8 to 68.9° (-.(136 to 156°F.). The method of determination 
of the end point of survival had to be changed in some cases and is pre- 
sented in detail where changes were necessary. 

In order to calculate the time of heating at any chosen temi)eratiire 
to correspond to a given time at 6r).6°(\(150°F.) the factor F\ was 
determined assuming a value of 9 for z. The e(piation is Fi' e(jnals log"^ 
(15()-T)/z where T is the processing temperature being used and z is the 
slope of the thormal death time curve known, assumed, or determined; 
values of Fi' for various tempeiatures and values of z are shown (Table 1 ). 

The pll of the raw m(‘at, with and without cure, was in the range 5.6 
to 5.8 and of the pasteurized and sterilized meat, with and without cure, 
in the range 5.9 to 6.1. Different pll values were sometimes found espe- 
cially when the staphylococci had grown in the meat. Typi(*al values are 
shown (Table 4) for both pH and numbers of organisms after 4S-hour 
and 14-day incubation. 

The terms cured or curing agents added refer to the addition of 
sterilized curing agents in the proportion of lb. salt, 1 lb. sugar, 2'V4 
oz. sodium nitrate, and oz. sodium nitrite per hundredweiglit of meat. 

Meats referred to as pasteurized and sterilized were treated by hi*ating 
seven ounces in an eighl-oz., wide-mouth, screw-caj) bottle for 135 minutes 
at 73.9°(\(165°F.) and 90 minutes at 121.1°C.(25()°F. ), resp(*ctively. 

Thermal Death Time of Staphylococci Suspended in Meat: The lean 
meat was separated from a fresh ham using aseptic technique and dividing 
the meat into two equal portions. Sufficient 48-hour salt-broth culture was 
added to each to give a concentration of 10,000 organisms per gram, and 
to one portion was also added sterilized curing agents. These portions 
were then ground, mixed, and reground through a sterile grinder with 
aseptic technique in order to distribute the organisms and curing agents 
evenly throughout the meat. The foregoing was repeated using 14-day 
salt-broth cultures. Similar treatment was given to fresh lean ham which 
had been sterilized. 

Sterilized lean ham prepared as described before was used with steri- 
lized curing agents added and the amount of 48-hour salt-broth culture of 



THERMAL. DEATH TIME OF A STRAIN OP STAPHTLOCOCCVS IN MEAT 191 


TABLE 1 


Fi* Values for Various Temperatures and Values of z 
[Calculated from formula: Pi' ~ log-M 1 5(>-T)/2 J 


Temperature 

(‘’F.) 

z = 8 

z = 9 

z = 10 

z =r 11 

z = 12 

179 

0.0002 

0.0006 

0.0013 

0.0023 

0.0038 

178 

0.0003 

0.0008 

0.0016 

0.0029 

0.0046 

176 

0.0006 

0.0013 

0.0025 

0.0043 

0.0068 

175 

0.0008 

0.0017 

0.0032 

0.0053 

0.0083 

174 

0.0010 

0.0022 

0.0040 

0.0066 

0.0100 

172 

0.0018 

0.0036 

0.0063 

0.0100 

0.0147 

170 ! 

0.0032 

0.00()0 

0.0100 • 

0.0152 

0.0215 

168 

0.0056 

( L(noo 

0.0159 

0.0231 

0.0316 

166 

0.0100 

0.0167 

0.0251 

0.0351 

0.0464 

165 

0.0133 

0.0215 

0.03 T 6 

0.0433 

0.0562 

164 

0.0178 

0.0278 

0.0398 

0.0534 

0.0681 

162 

0.0316 

0.0464 

0.0631 

0.0811 

0.1000 

160 

0.0562 

0.0774 

0.1000 

0.1233 

0.1468 

158 

0.1 ooo 

0.1292 

0.1585 

0.1874 

0.2154 

156 

0.1778 

0.2154 

0.2512 

0.2848 

0.3162 

155 

0.2371 

0.2783 

0.3162 

0.3511 

0.3831 

154 

0.3162 

0.3594 

0.3981 

0.4329 

0.4642 

152 

0.5623 

0.5995 

0.6310 

0.6579 

0.6813 

150 

1.000 

1.000 

1.000 

1.000 

1.000 

148 

1.778 

1.668 

1.585 

1.520 

1.468 

146 

3.162 

2.783 

2.512 

2.310 

2.154 

145 

4.217 

3.594 

3.162 

2.848 

2.610 

144 

5.623 

4.642 

3.981 

3.511 

3.162 

142 

10,00 

7.743 

6.310 

5.337 

4.642 

140 

17.78 

12.92 

10.00 

8.111 

6.813 

138 

31.62 

21.54 

15.85 

12.33 

10.00 

136 

56.23 

35.94 

25.12 

18.74 

14.68 

135 

74.99 

46.42 

31.62 

23.10 

17.78 

134 

100.00 

59.95 

39.81 

28.48 

21.54 

132 

177.80 

100.00 

63.10 

43.29 

31.62 

130 

316.20 

166.80 

100.00 

65.79 

46.42 

128 

562.30 

278.30 

158.50 

100.00 

68.13 

126 

1000.00 

464.20 

251.20 

152.00 

100.00 

125 

1334.00 

599.50 

316.20 

187.40 

121.20 

124 

1778.00 

774.30 

398.10 

231.00 

146.80 

122 

3162.00 

1 292.00 

631.00 

351.10 

215.40 

120 

5623.00 

2154.00 

1000.00 

533.70 

316.20 


staphylococci varied to give from 80, 000 to !K)0 billion organisms per 
gram. In these exj)eriments the ttibes were processed at a number of 
temperatures in order to determine the slope of the thermal death time 
curve or z value. 

The meats containing the suspended staphylococci with and without 
cure were then tilled into sterile 10 x 75 mm. test tubes, sealed, and held 
for both 24 hours and 14 days at 6.1“C.(43''F.). These tubes were then 
processed in an oil bath at 65.8°0.(150.5°F.), controlled to within 0.17°C. 
(0.3°F.). After cooling, the three tubes (approximately one gram of 
meat each) at each processing level were aseptically transferred to a 
two-oz., screw-cap bottle containing 30 ml. (making 1 to 10 dilution) of 
salt broth and glass beads. These bottles were then placed in a mechanical 
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shaker, and when mixing was complete one ml. was removed and four-per 
cent salt-agar plates made and incubated for 48 hours at 37° C. Slides 
were prepared from typical colonies and checked under the microscope for 
characteristic morphology. 

The data expressing the equivalent value of the thermal processes as 
P' are summarized (Tables 2 and 3). An F' value of one is a thermal 
process the equivalent of heating one minute at 150°P., assuming instan- 
taneous heating and cooling and assuming a z value of 9°F. The data for 
Experiments 3 and 4 (Table 2), holding 24 hours at 43°F., no cure and 
with cure using 48-hour cultures, are comparable to the conditions of 
Stritar\s experiments. The data are the reverse of those presented by 
Stritar since Stritar showed two and seven minutes at 66.1°C.(151°F.), 
respectively, for uncured and cured meat, wdiereas data (Table 2) show 
10 and four minutes, respectively, at 150°F. There was some evidence of 
the greater thermal resistance of the organisms from the 14-day culture. 
Holding the tubes of inoculated meat for 24 hours and for 14 days at 
43°P. before processing had little or no effect on thermal resistance within 
the errors of duplicating the experiments. 


TABLE 2 

F' Value for 10,000 per Gram of 48-Hour and 14-Hay Salt-Broth Cultures of 
Staphylococci Suspended in Ham 



1 F' value 

Experiment 

1 4 8 -hour culture 

1 14-dBy culture 


Survived 

Destroyed 

Survived 

Destroyed 

1. Sterilized ham, without cure 

Held 24 hours 43 ®F 

o 

4 

f) 

8 

Held 14 days 43 ‘’F 


Less 

o 

3 

2. Sterilized ham, with cure 

Held 24 hours 43 ®F 

3 

than 1 

4 

5 

10 

Held 14 days 43 “F 

4 

5 

5 

10 

25 

3. Ham, aseptic technique, without cure 

Held 24 hours 43 “F 

8 

10 

20 

Held 14 days 43 °F 

5 

10 

10 

20 

4. Ham, aseptic technique, with cure (sterilized) 
Held 24 hours 43 °F 

o 

4 

2 

4 

Held 14 days 43 “F 

3 

4 


Less 




than 1 


The results of heating different numbers of 48-hour broth cultures of 
staphylococci in sterilized cured ham at different processing temperatures 
are shown (Table 3). The data show a general tendency for the process 
value for destruction (F') to increase as numbers increase. The z value 
or slope of the thermal death time curve is apparently unaffected and 
the average value is 9°P. 

Thermal Death Time of Staphylococci in Meat When Grown in Meat: 
This portion of the experiment may logically be based upon the condition 
of the meat at the time of inoculation, namely, raw, pasteurized, or steri- 
lized, and of course curing agents might or might not be present in each 
case. Further, the inoculated product might be incubated for 48 hours 
or 14 days. 
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In all phases of the experiment raw hams were cut up in an aseptic 
manner and the lean portion only used. The meats were used raw, pas- 
teurized, or sterilized and sterilized curing agents were added as indicated. 
Two ml. of a 48-hour salt-broth suspension of Staphylococcus No. 184 were 
used as inoculum and the bottles were incubated for 48 hours at 37° C. 


TABLE 3 

Thermal Resistance of dS-Hotir Salt-Broth Cultures of Staphylococci 
Suspended in Sterilized Cured Bam 


Number of 
organisms 

Condition 

Corrected time in minuU'S^ at 

P' 

z 

136°F. 

lao^p. 

142®P. 

J45“P. 

348“P. 

900 billion 

Survived 

324 

150 

61.9 

25.1 

15.0 




Destroyed 

359 

167 

69.0 

28.7 

16.7 

9.7 

9.0 

100 billion 

Survived 

287 

117 

69.6 

25.1 





Destroyed 

324 

133 

77.4 

28.7 


9.6 

8.8 

100 billion 

Survived 

287 

117 

61.9 

25.1 




(check) 

Destroyed 

1 

324 

133 

69.6 

28.7 


8.4 

8.8 

10 billion 

Survived 

251 


46.4 

25.1 

13.3 




Destroyed 

287 


54.2 

28.7 

15.0 

9.1 

9.5 

4 billion 

Survived 

210 

100 

38.7 

14.4 

8.3 




Destroyed 

251 

117 

46.4 

17.9 

10.0 

5.4 

8.3 

80 thousand 

Survived 

144 

83 

38.7 

14.4 

8.3 


.... 


Destroyed 

180 

100 

46.4 

17.9 

10.0 

6.0 

9.4 


^Corrected for heating and cooling lag of three minutes. 


TABLE 4 

Typical Values for pTT and Kumher of Oryanis^ns After Growing in Meat 



1 

pH 


Numbers of cocci ^ 

Handling' 

InocutatiMl and incubnt-t*d for 

Inoculated and incubated for 


Initial 

48 hours 

1 4 days 

48 hours 

14 days 

Sterilized meat 

5.92 

5.82 

6.10 

500 million 

100 million 

Sterilized meat with cure 

6.10 

5.82 

6.01 

1 billion 

1 billion 

Pasteurized meat, aseptic technique.. 

5.92 

5.70 

6.81 

1 billion 

200 million 

Pasteurized meat, aseptic technique, 
sterilized cure added 

6.03 

5.70 

7 22 

2 billion 

2 billion 

Fresh meat, aseptic technique 

5.81 

6.55 

7.87 

2 billion 

100 thousand 

Fresh meat, aseptic technique, 

sterilized cure added 

5.57 

5.70 

6.84 

600 million 

100 million 


* Same meat used on all experiments. Coccal forms on phenol red mamutol salt agar, none 
on fresh meat alone, and 10 per gram on fresh meat with sterilized cure added. *bsing phenol red 
mannitol aalt (7.5%) agar incubated at 37®C,(98.6‘’P.). 


(98.6°P.). Grinding and mixing in an aseptic manner after incubation 
served to distribute the organisms uniformly throughout the mass. Typical* 
pH values determined at the beginning and end of the growth periods 
as well as the numbers of organisms at those times are shown (Table 4). 
Counts were made using decimal serial dilution technique. In cases where 
definite numbers were used they were obtained by dilution with sterilized 
cured or uncured meat as the case might be. The meat was stutfed into 
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10 X 75 mm. tubes. The tubes were heat-sealed and immediately processed 
for diiferent times at various temperatures and then cooled. The technique 
of end-point determination was varied somewhat from that previously 
described. Phenol red mannitol agar containing 7.5 per cent salt was used. 
Slides were prepared from typical colonies and checked under the micro- 
scope for characteristic morphology. The determination of the end point 
using sterilized meat was relatively simple. In the case of pasteurized meat 
other organisms were of course present. Tlie same situation was true to a 
greater extent with fresh meat, cured and uncured. By using phenol red 
mannitol agar containing 7.5 per cent salt it was possible to repress the 
growth of all but coccal forms. However, in our opinion we were not 
able to differentiate between Staphylococcus No. 184 and any other staphy- 
lococcal forms of similar size. Since there were few if any coccal forms 
presQjit, however, in the original meat (see footnote to Table 4) after a 
relatively heavy inoculation and incubation for the periods noted the 
coccal forms present would be expected to be largely Staphylococcus No. 
184. Obviously owing to the lack of appropriate diagnostic methods it 
was not possible to check the identity of all the organisms isolated. At 
intervals the identity of the organism isolated, however, was confirmed by 
demonstration of enterotoxin formation in salt-broth cultures using suscep- 
tible human volunteers. Therefore it can be seen that in the cases of 
pasteurized and fresh meat both with and without cure the end point was 
rather difficult to determine although not impossible. The errors involved 
in the determination of the end point are greater and, as mentioned above, 
the presence of other staphylococcal forms which may have been isolated 
and listed as Staphylococcus No. 184 is not impossible. The experiments 
do indicate as the end point, however, the destruction of all coccal forms 
which grow on phenol red mannitol agar containing 7.5 per cent salt. 

Experiments were made using the same lot of meat and handling all 
factors uniformly throughout. The data (Table 6) are from such an 
experiment excepting the values for six and nine billion organisms grown 
in sterilized meat with cure. Likewise all data (Table 7) are on the same 
lot of meat after sterilization. These data indicate that pH appears to 
be a relatively minor factor in affecting the thermal resistance compared 
with age and the substrate. 

When the organisms grew in sterile meat with or without cure for 48 
hours the thermal resistance was relatively low, namely destroyed at a 
maximum P' value of 13 as shown (Tables 5 and 7). However, when grown 
for 14 days the maximum values for destruction were an P' value of 130 
as shown (Tables 6 and 7). 

Por pasteurized meat the maximum values for destruction were P' 
values of 100 and 8 for 48 hours and 14 days, respectively, as shown 
(Tables 5 and 6). These values are the reverse of those obtained for 
sterilized meat. Purther, there is apparently an effect of the cure on the 
14-day growth to lower the heat resistance which is not apparent on the 
48-hour growth, however the data are insufficient to warrant any definite 
conclusions. 

Unusual results were obtained on fresh meat as shown (Tables 5 and 6). 
Por 48-hour growth the maximum P' value was 105. The values were high 
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344 

319 

344 

368 

393 

442 

467 

393 

417 

Condition 

.Survived 

Destroyed 

Survived 

Dest ro 3 'ed 

Survived 

Destroyed 

Survived 

Dest royed 


Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

Survived 

Destroyed 

sa 

V) es 

oft 

80 thousand 

4 million 

10 billion 

900 billion 


100 million 

300 million 

800 million 

700 million 

800 million 

900 million 

1 million 

600 million 

800 million 

10 million 

2 billion 

60 billion 

bo 

B 

B 

et 

a 

Sterilized meat 
with cure 


Pasteurized meat, 
aseptic technique 

Pasteurized meat, 
aseptic technique, 
sterilized cure 
added 

Fresh meat, 
aseptic technique 

Fresh meat, 
aseptic techniqi^e, 
sterilized cure 
added 
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for both cured and uncured meat although there appeared to be a tendency 
for higher F' values on the cured meat. For 14-day growth the F' values 
were 11 and 120 for uncured and cured meat, respectively. The wide 
spread in F' values may be partly an eifect of curing agents since it appears 
doubtful tliat it is due to the difference in number of organisms alone. 

The data (Table 5) show that the z value or slope of the thermal death 
time curve is apparently unaffected by the variations in substrate and 
numbers. 


TABLE 6 

Thermal Death Time of Staphylococci Grown in Meat for 14 Days 


Handling 

Organisms 
per gram 

pH 

Thermal resi 

Time in minutes 
(corrected') 
at 150. 5°F. 

stance 

F' 

Survived 

Destroyed 

Destruction 

Sterilized moat 

100 million 

6.10 


43.5 

49.0 

Sterilized meat with cure 

1 billion 

6.01 

106..1 

n5..3 

130.0 


6 billion 


106.5 

lir).3 

130.0 


0 billion 


97.6 

loo.r, 

120.0 

Pasteurized meat, aseptic technique. 

200 million 

6.81 

6.2 

7.1 

8.0 

Pasteurized meat, aseptic technique, 






sterilized cure added 

2 billion 

7.22 

0.9 

1.9 

2.1 

Fresh meat, aseptic technique 

100 thousand 

7.87 

S.9 

9.8 

11.1 

Fresh meat, aseptic technique, 






sterilized cure added 

100 million 

6.84 

97.6 

106.5 

120.0 


* Corrected for hoatinp and cooling lag of three minutes. 


TABLE 7 

Thermal Death Time of Staphylococci Grown in Sterilised Meat 


Handling 

Incubated 

pH 

Number of 
staphylococci 

Tliennal resistance' 

pi 

Survived 

Destroyed 

Sterilized meat with cure 

48 hours 

4.05 

100 million 

12 

13 


14 days 

5.50 

800 million 

110 

120 

Sterilized meat 

48 hours 

5.45 

100 million 

8 

10 


14 days 

6.46 

90 million 

120 

130 


'Determined at 150.5*’F. Values equivalent to minutes at 150°F. assuming instantaneous heat* 
ing and cooling. 


Thermal Resistance of Staphylococci Suspended in Broth and Buffer: 
The thermal resistance of 48-hour and 14-day salt-broth cultures of 
Staphylococcus No. 184 suspended in salt broth and buffer solutions is of 
interest because the results may be compared with data in the literature. 
Thermal -resistance tests were made on 10,000 organisms per milliliter 
suspended in salt broth and buffer and the data are recorded (Table 8). 

Growth of Staphylococci in Meat Products: The data reported are 
from individual unrelated experiments and not from an organized series. 
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They should be regarded as preliminary and incomplete and are presented 
merely for the record; the authors realize that further work is needed 
before valid conclusions can be drawn. 

Growth in Meat: Growth was excellent in raw, pasteurized, and steri- 
lized meat with and without cure at 37°C,(98.6°F.) in a 48-hour period. 
In the raw and pasteurized meat, with and without cure added, held 
longer than 48 hours at 37 °C. there is apparently a simultaneous growth 
of other organisms normally present as well as the inoculated staphy- 
lococci. Through use of a selective media, such as phenol red mannitol 
agar containing 7.5 per cent salt, it is possible to determine the numbers 
of coccal forms. The data (Table 4) show that by 14 days of incubation 
there has been a decrease in numbers of staphylococci unless curing agents 
are present. The presence of the curing agents tends to exert a selective 
effect in favoring the growth of the salt-tolerant coccal forms and probably 
repressing to some extent the rod forms. 


TABLE 8 

Thermal Death Time of Staphylococci Suspended in Salt Broth and Buffer 



1 Thermal resistance F' 

10,000 organisms per ml. heated 
at 143.8®F. in 

48-hour culture | 

1 14-day culture 

Survived 

Destroyed 

Survived 

Destroyed 

Snlt broth, pH 6.9 

o 

3 

3 

4 

Buffer, pTT 7.0 

3 

4 

4 

Above 4 





Growth in Curing Pickles: The curing pickles used were made from 
a saturated brine diluted to 90° and 60° salometer. Sugar, sodium nitrate, 
and sodium nitrite were added in amounts normally used. One set was 
inoculated with 0.01 ml. of a salt-broth suspension of staphylococci con- 
taining 900 billion organisms per milliliter and the other set was pasteur- 
ized [heated 135 minutes at 73.9°C.(165°F.) in eight-oz. bottles], cooled, 
and then similarly treated. Bottles were incubated at 37, 20, and 0°C. 
(98.6, 68, and 32°F.) at times of 48 hours, one week, and two weeks, 
respectively, before the first examination and then held for another similar 
period and re-examined. Based on turbidimetric measurements there was 
no evidence of growth in any of the bottles. 

Growth Below 10°C.(50°F,) : Three experiments were made using salt 
broth held 14 days at 6.1°C.(43°F.) after inoculation and no increase in 
numbers could be determined within the limit of reproducibility of the 
counting technique. Eight-ounce bottles containing four ounces of salt 
broth were inoculated at room temperature with 48-hour broth cultures 
of staphylococci and held at room temperature for seven hours and then 
cooled to 43°F. in ice and held in a refrigerator at 43°F. for 10 days. 
No increase in numbers was noted. This experiment was repeated and 
the count into the refrigerator was 20 million and out of the refrigeratof 
was 90 million. Five ml. of this culture after 10 days at 43 °F. were taken 
by a susceptible human volunteer with negative results. 

Warm pork-cheek meat trimmings (sever ounces in an eight-ounce 
sterile bottle) direct from slaughtered carcasses were inoculated with one 
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ml. of 48-liour, actively growing, salt-broth culture of staphylococci and 
left at room temperature for five hours and then placed in a refrigerator 
at 43°F, The count when placed in the refrigerator was one million and 
when removed 10 days later was 10 million. This experiment was repeated 
and counts were 20 million and 10 million into refrigerator and after 
10 days at 43°F., respectively. A third repetition yielded data of 20 
million and 200 million, respectively, for going into the refrigerator at 
43®F. and after 10 days. 

The lean portion was removed from a chilled fresh ham using aseptic 
technique insofar as possible, and after being ground in a sterile grinder 
the meat was at room temperature of 23.9°C.(75®F.). It was then inocu- 
lated by adding one ml. of an actively growing, 48-hour, salt-broth culture 
of Staphylococxus No. 184 to seven ounces of meat in a sterile, eight-oz., 
screw-cap bottle and was left at room temperature for five hours. At this 
time the count was 20 thousand. It was then placed at 43°F. and held for 
five days; there was no apparent increase in numbers using phenol red 
mannitol salt agar. Three grams of the meat treated as outlined were fed 
to a susceptible human volunteer with negative results. 


TABLE 9 

Thermal Death Time of Staphylococci in Meats After Holding for 
Five Days at 6,1° 0.(43’' F,) 



Numbers of 
staphylococci 

Thermal resistance F' 

Handling 

Into 

refrigerator 

at43'’P. 

After 

5 days at 

Survived 

Destroyed 

Sterilized meat 

100 

1,000 

10,000 

300,000 

3 

4 

Sterilized meat, sterilized cure added 

300 

2 

,3 

Meat, aseptic technique, sterilized cure added 

1,000 

5 

0 


Lean meat from a fresh ham was handled aseptically and sufficient 
48-hour salt-broth culture of staphylococci added to give 1,000 organisms 
per gram. Cure was also added to one portion. The stuffed, sealed tubes 
were held at 43 °F. for five days. No increase in nuiribers could be deter- 
mined by standard counting technique. After heat-processing the usual 
method of determining end point of survival was used. In both portions 
with and without cure added the F' values were two survived and three 
destroyed. 

Lean meat from a ham was handled aseptically and to one part curing 
agents were added. Another part was sterilized and still another part was 
sterilized and at the time of adding staphylococci sterilized curing agents 
were also added. Inoculations of a 14-day salt-broth culture of staphylo- 
cocci were added and distributed throughout in an aseptic manner. After 
holding the stuffed, sealed tubes for five days at 43°F. counts and thermal 
death time determinations were made. The data are shown (Table 9) and 
indicate that there has bteen no significant growth on the basis of counts. 
There was also no significant difference in thermal death times for steri- 
lized meat and fresh meat. 
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DISCUSSION AND SUMMARY 

Staphylococci have been recognized as relatively heat resistant among 
the nonsporeforming bacteria. Topley and Wilson (1941) state that 
staphylococci are among the more resistant of the nonsporing organisms 
and that many are heat resistant in that they will withstand a tempera- 
ture of 60°C.(140°F.) for half an hour. The same authors state that 
streptococci of the faecalis-lactis group are characteristically resistant to 
heat and most strains will withstand a temperature of 60® C. for 30 minutes 
or more. About the dysentery subgroup, they state that they are not 
specially resistant and are killed at a temperature of 55®C.(131®F.) for 
one hour. Yesair, Cameron, and Bohrer (1944) state that in the normal 
moist state micrococci were killed in 30 to 45 minutes at 55®C. These 
times when calculated to the F' basis are 0.2 to 0.3. The strain of Staphy- 
lococcus No. 184 used in this study was reported by Stritar (1941) to be 
the most heat resistant of 14 strains of food-poisoning origin. Stritar 
found that two minutes at 65.6®C.(150®F.) or an F' value of 2 were suffi- 
cient to destroy a concentration of one million organisms suspended in 
buffer at pH 7. Beamer and Tanner (1939) reported Staphylococcus 
aureus survived 13.8 minutes and was destroyed in 18.8 minutes at 65® C. 
(149®F.). The 8. aureus used by Beamer and Tanner was Culture 42 from 
the University of Chicago isolated from a case of food poisoning, and 3.2 
million cells were suspended in broth at pH 7.05. These values calculated 
to an F' basis are 10.3 and 16.6 for survival and destruction, respectively. 
Therefore, while agreement is not good, the order of the values is relative 
and distinctly lower than the unusually high values obtained in certain 
of the experiments reported in this paper using meat substrates. All data 
apparently support the conclusion that Staphylococcus should be consid- 
ered a relatively heat-resistant organism among the nonsporeforming group. 
The heat resistance of the particular strain used in this study is within 
the normal range of values obtained by other investigators when suspended 
in broth or buffer solutions but it is not necessarily the most heat-resistant 
strain. 

It is suggested that staphylococci might be suitable as a test organism 
ill a study of the lethality of pasteurization processes. Pasteurization has 
been defined by Buchanan and Fulmer (1930) as “a term used to desig- 
nate the process of heating a food material to such a temperature and for 
such period of time as will destroy certain types of undesirable organisms, 
or in some cases reduce their numbers below a certain desired minimum. ’ ^ 
It is also suggested that the arbitrary value F' might be a convenient way 
to express the lethality of a pasteurization process so that no further 
information would be required to describe the process except the value 
of z, which might be known, determined, or assumed. 

The comments of Back (1943) are very interesting and pertinent, 
namely, that enterotoxin production is a function of growth and that 
enterotoxin could be demonstrated in cultures after 12 hours at 37° C. 
(98.6°F.) and three days at 18°C.(64.4°F.) but not in cultures grown at 
shorter periods or for seven and three days at 9°C. (48.2°F.) and 15°C. 
(59°F.), respectively, or after four weeks at 4°C.(39.2°F.) and 6.7°C. 
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(44.1®F.). Also important are the comments of Dack that certain foods, 
such as canned salmon, may support growth without production of entero- 
toxin and that meat products allow food-poisoning staphylococci to grow 
well and to produce enterotoxin. 

Comments by Jensen (1945) are also of interest and are as follows: 

Staphylococci are killed at pasteurizing temperatures — 61.7°C.(143°P.) — 
for 30 minutes. The Staphylococcus does not form poisons unless it grows, 
and it only grows well at temperatures from 21.1 to 40.6°C.(70 to 105®P.). 
It requires four to eight hours of steady growth (logarithmic phase) in a 
rich food medium at 37.2° C. (99°F.) to produce enough toxin to elicit 
symptoms (vomiting and diarrhea) in man or monkeys when the food or 
broth is swallowed.’’ 

Comments by Halvorson (1944) are of interest in connection with his 
statement that ‘'the heat resistance will vary with the composition of the 
medium and with the past history of the organisms.” He also states: 
“Vigorous growth of the organism appears to be necessary for toxin 
formation, since food heavily contaminated with staphylococci will not 
become toxic if it is stored in an icebox. If it is left at room temperature 
for a few hours, however, it will be toxic. About all that can be said 
from our present state of knowledge is that any food that will support 
the growth of staphylococci is likely to become toxic if left at a favorable 
temperature.” 

In this investigation the thermal death times found for the suspension 
of staphylococci in meat, both sterilized and raw handled in an aseptic 
manner, were of the order of those found by Stritar. The effect of cure 
noted in this investigation was the reverse of that noted by Stritar, 
although perhaps conclusions are not fully warranted on the basis of the 
observed variations because of the large possible error in replication. The 
order of these thermal death times was not too far from agreement with 
the values found in broth and buffer indicating no especial effect of the 
meat substrate upon the thermal resistance. There was a tendency for the 
resistance of cultures grown for 14 days to be somewhat higher than those 
grown for 48 hours. Holding the sealed tubes at 43°F. for as long as 14 
days before processing had no apparent effect on the thermal death time. 
The P' values for destruction increased as the number of organisms in- 
creased while the z value remained constant at approximately 9°F. 

In order to realize experimental conditions more closely comparing 
with commercial practice, the artificially inoculated broth cultures of 
staphylococci were permitted to grow in meat and the thermal death time 
was then determined. There were three general possibilities, namely, grow- 
ing in sterilized, pasteurized, and fresh meat, and of course cure might be 
present or absent. There were some general conclusions that might be 
drawn. When there was an increase in numbers of bacteria present there 
was a related increase in P' value for destruction. Further, the lowest 
thermal death times fgund, with one exception, were higher than for the 
suspensions of broth cultures in meat. For all conditions used the slope 
of the thermal death time curve was shown to have an average value of 
9.2°F. and not to be affected by changes in numbers or substrate. 
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For the purposes of discussion the results may be divided into two 
major groups based on whether the staphylococci have been allowed to 
grow for 48 hours or 14 days at 37® C. In the experiments on 48-hour 
growth in sterilized meat with and without cure the F' values for destruc- 
tion range from 6.2 to 13 and no apparent conclusion is warranted with 
regard to the effect of curing agents. In pasteurized meat the thermal 
resistance is greatly increased and the F' values for destruction ranged 
from 26 to 100. Here again no conclusion is warranted as to the possible 
effect of curing agents upon the thermal resistance. In the experiments 
conducted on fresh meat the same conclusions can be made as on pas- 
teurized meat. In all of these experiments there is no apparent change 
in the z value and therefore it can be concluded that a change of numbers 
and substrate as indicated in the various experiments has no effect on 
the z value. 

In the experiments in which the staphylococci were allowed to grow 
in the meat for 14 days there were some deviations from the results 
obtained for the 48-hour incubation. For sterilized meat the F' values 
were extremely high when cure was added and moderately high without 
the cure, but inasmuch as the results from only two experiments are 
available it is doubtful if a conclusion as to the effect of the curing agents 
is warranted. In experiments conducted on pasteurized meat the thermal 
death times were relatively low and in the range of reported values for 
the destruction of Staphylococcus in broth or buffer. Here again no con- 
clusion is warranted as to the possible effect of curing agents. In those 
experiments in which raw meat was used a very distinct difference was 
noted between cured and uncured product. The one with curing agents 
had a thermal resistance almost ten times as great as the one without 
curing agents and it appears doubtful that the difference in numbers 
could have been responsible for the tremendous difference in thermal 
resistance. The level of thermal resistance for the fresh meat with cure 
is of the same order as that of sterilized meat with cure, while the level 
of thermal resistance of fresh meat without cure is of the order of that in 
pasteurized meat. 

Experiments were made using the same lot of meat throughout and the 
object of the experiments was to obtain a comparison of the effect of 
48-hour and 14-day incubations. The 48"hour samples were placed under 
refrigeration at the end of the 48 hours and the experiment conducted 
when the 14-day incubation period was over. In sterilized meat with care 
there is an increase of almost tenfold in thermal resistance apparently 
owing largely to the longer period of incubation, since the numbers are 
not sufficiently different to account for it. In the sterilized meat without 
cure there is a similar disparity between the thermal resistance for 48 
hours and 14 days, and the numbers are almost identical. 

We offer no mechanism or suggestions to account for the difference in 
thermal resistance as recorded in the various experiments. The results are 
reported with the thought of stimulating further investigation. For various 
reasons this line of investigation can be carried no further at the present 
time but certainly the implications ar» that the results to be obtained by 
further investigation would be worth while. 
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The data on the growth of staphylococci in meat products and pickles 
are incomplete and consist largely of individual, unrelated experiments. 
Staphylococci grow well in raw, pasteurized, and sterilized meat with and 
without cure when incubated 48 hours at 37® C. When incubated for 
longer periods, such as 14 days, in raw and pasteurized meat with and 
without cure there is often found a decrease in numbers at 14 days. A 
number of factors may be responsible for this decrease in numbers but 
it is interesting to note that the numbers were never greater after the 
14-day incubation and in many cases were lower. As pointed out in 
another portion of this paper, the methods of isolation used were not suffi- 
ciently accurate so that it was certain that all coccal forms isolated were 
Staphylococcus No. 184. The only conclusion warranted is that within the 
limits of the experiments made actively growing staphylococci inoculated 
in meat did not grow and produce enterotoxin when held for as long as 
two weeks at 43®F., as indicated by several checks on ingestion of product 
by susceptible human volunteers. This observation is in agreement with 
the observations of Back (1941). 
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The extent to which cooking may alter the nutritive value of foods has 
been the subject of many investigations in recent years. A few of these 
have been concerned with the effects of cooking on the retention of vita- 
mins of the B-complex in meat. Mclntire, Schweigert, Henderson, and 
Elvehjem (1943) ; Mclntire, Schweigert, and Elvehjem (1943) ; Mclntire, 
Schweigert, Herbst, and Elvehjem (1944) ; and Schweigert, Mclntire, and 
Elvehjem (1943) have determined the retention of thiamin, riboflavin, and 
nicotinic acid during cooking of veal, lamb, pork, variety meats, and cured 
pork hams. Cover, McLaren, and Pearson (1944) determined the retention 
of thiamin, riboflavin, nicotinic acid, and pantothenic acid in rare and 
well-done rib roasts of beef. These investigations indicate that meat in 
general retains a high percentage of the vitamins of the B-complex during 
cooking, but that there is some heat destruction of thiamin and pantothenic 
acid. Since many of the retail cuts of beef require moist heat and longer 
cooking periods than those used for the rib roasts in Cover study (1944), 
there is further need to demonstrate the extent to which different methods 
of cooking beef may affect the retention of the B-vitamins. 

The present investigation was designed to study the retention of nico- 
tinic acid and pantothenic acid when beef was braised, broiled, and fried 
under standardized conditions representative of good home-cooking pro- 
cedures. In the experiments on fried beef liver the retentions of thiamin 
and riboflavin were also included. 

EXPERIMENTAL PROCEDURE 

Braising: Pot roasts were used for the braising studies. Heel-of-round 
was chosen to represent chunky, boneless cuts and chuck to represent thin- 
ner cuts with more surface area. Pour pot roasts of each cut were used. 
The heel-of-round roasts weighed an average of 3.2 pounds and the chuck 
roasts 3.5 pounds before cooking. The heel-of-round roasts were cooked in 
a cast-aluminum pan, and the chuck roasts in a cast-iron pan. Both pans 
were provided with self -basting covers. 

The cooking was started when the internal temperature of the meat was 
10 to 12®C.(50 to 53.6°P.), by searing for 15 minutes in fat trimmed from 
the cut, using a full gas flame. After searing, a meat thermometer warf 
inserted into the center of the meat, 25 ml. of water were added, and the 
pan was immediately covered. Two thermometers fitted into a cork were 

^ This study is submitted in partial fulfillment of the requirements for the Ph.D. 
degree by Bernadine H. Meyer. The work was supported in part by a grant from the 
National Live Stock and Meat Board. 
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inserted through an opening in the cover, one to record the temperature 
of the air and the other the temperature of the liquid surrounding the 
meat. The third thermometer, which recorded the internal temperature 
of the meat, projected through another very small opening in the cover. 
Both types of pot roasts were cooked to an internal temperature of 93° C. 
(199.4°F.). All temperatures were recorded at approximately 20-minute 
intervals during the cooking process and the flame was adjusted to keep 
the liquid below the boiling point until during the last 30 minutes of 
cooking. 

It was not possible to obtain paired roasts at the time this phase of 
the study was done. Therefore, five- to six-pound roasts were purchased in 
the retail market, and for the raw samples, slices were cut from each sur- 
face in an attempt to represent all muscles. These were ground together 
to obtain samples for the moisture, fat, and vitamin content of the raw 
meat. This method of obtaining a raw sample was considered adequate, 
since the vitamin retention was calculated from the total, fat-free, dry 
weight of the raw meat, cooked meat, and drippings, as described by Hin- 
man. Tucker, Jans, and Halliday (1946). Therefore, it was not necessary 
to have the moisture and fat equally distributed in the part used for raw 
sampling and that taken for cooking. 

Broiling: For the broiling studies four pairs of sirloin steaks from a 
U. S. Choice beef were used. All steaks were quick-frozen in the packing 
house the day the beef was cut up and were thawed overnight at refrigera- 
tor temperature before using. Alternate steaks from the right and left 
sides were cooked and the corresponding steak from the opposite side was 
taken for the raw analyses. The steaks were 3.5 to 4.0 cm. thick and were 
broiled to an internal temperature of 58°C.(136.4°F.) (rare) in the broil- 
ing oven of a gas range. The temperature directly above the meat was 
maintained at about 170°C.(338°F.) according to the standard procedure 
described in ‘‘Meat and Meat Cookery’’ (1942). 

Frying: For the frying studies beef liver and round steaks were used. 
The liver was purchased in the open market. It was sliced one-fourth inch 
thick and alternate slices were taken for the raw and cooked analyses. It 
was fried one and one-half minutes on each side in an iron skillet with 
approximately 40 gm. of lard. A thermometer was suspended above the cen- 
ter of the skillet so that the bulb just touched the surface. Cooking was 
started when the thermometer registered 150° C. and the flame was adjusted 
to maintain a temperature between 120 and 150° C. (248 and 302°F.). In 
preliminary cooking tests this method was judged as giving a highly desir- 
able product by workers in the laboratory. 

Four pairs of round steaks were obtained from the same beef described 
under “Broiling” and were handled in the same manner. The steaks were 
approximately two centimeters thick and were pounded on each side with 
a meat tenderizer before frying. One and one-half minutes’ pounding on 
each side was required to render the steaks sufficiently tender to cook by 
frying. After pounding, the steak was cut into individual servings and 
approximately one pound was fried at a time, cooking two minutes on each 
side. The cooking was started at 160°C.(320°F.), with the thermometer 
located as described for liver. A full gas flame was used throughout the 
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cooking period, and after a slight initial rise to around 168® C.( 334.4® P.) 
the temperature registered on the thermometer dropped slowly throughout 
the cooking period, usually to about 115®C.(239®P.). 

Cooking Losses: The weight losses on cooking were determined in all 
cases. The raw meat was weighed just before cooking was started. At the 
end of the cooking period the meat with its accumulated drippings was 
immediately weighed in the cooking pan to determine the volatile losses. 
The meat was then removed from the pan and the weight of the drippings 
determined. The sum of the volatile and drippings losses gave the total 
cooking losses. 

Drippings from all methods of cooking were retained and analyzed for 
moisture and fat as well as vitamin content. 

Nicotinic Acid: The nicotinic acid determinations were carried out by 
the microbiological method, using the basal medium of Krehl, Strong, and 
Blvehjem (1943) except that pyridoxine was increased to 0.2 p.p.m. and 
biotin to 0.02 p.p.m. A slight tendency to drift was eliminated by these 
increases. 

Pantothenic Acid: Pantothenic acid was determined microbiologically 
using a 24-hour growth period with Lactobacillus arabinosis and a basal 
medium described by Wilder (1944). With this method the standard 
curve was run at 10 levels, using a solution containing 0.05 microgram of 
calcium pantothenate per milliliter. The samples were run in duplicate at 
five levels and gave values which frequently agreed within six per cent at 
all levels. In all but three of 120 assays used in this study the values at 
all levels agreed within 20 per cent. In these three cases the pantothenic 
acid content was calculated by averaging three levels within 20 per cent 
agreement. 

Although Skeggs and Wright (1944) have reported that the growth of 
Lactobacillus arabinosis is stimulated by fatty acids, there was no tendency 
to drift observed in these assays. Ether extraction was not used in the 
preparation of the samples since preliminary tests on raw and cooked 
beef, with and without ether extraction, gave almost identical values. 

The standard recoveries, carried out routinely with each set-up, ranged 
from 88 to 115 per cent for all determinations, except in the assays of two 
samples of drippings with which average recoveries of 118 and 126 per cent 
were obtained. This range of recoveries was more satisfactory than several 
recovery values obtained in preliminary tests using Lactobacillus casei with 
the basal medium of Neal and Strong (1943), modified by the use of syn- 
thetic vitamins instead of Vitab. These findings were an important factor 
in the choice of method for the pantothenic acid assays. 

Thiamin and Riboflavin: The determinations of thiamin and riboflavin 
in liver were carried out fluorometrically. Thiamin was determined by the 
method of Ilennessy and Cerecedo (1939), using the double adsorptioli 
technique of Conner and Straub (1941) to include riboflavin. The modi- 
fications employed with these methods were those described by Hinman 
etal, (1944,1946). 

Moisture and Fat: In order to determine the fat-free, dry residues for 
the calculation of the vitamin retentions during cooking, moisture and fat 
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determinations were carried out on all samples of raw meat, cooked meat, 
and drippings, according to the procedure described by Hinman et ah 
(1946). 

Preparation of Samples: The meat was prepared for sampling by 
grinding twice with a Kitchen Aid meat grinder using the fine plate. It 
was mixed for one minute at second speed after each grinding and its 
total weight determined just before samples were withdrawn. Fifty-gram 
samples of the ground meat were weighed into tared Waring blendor cups 
and blended with N/30 HCl. For the nicotinic acid and pantothenic acid 
determinations, aliquots of the blends were digested for 48 hours at 37® C. 
(98.6®P.) under toluene, using a mixture of equal parts of takadiastase 
and papain. The digests contained a 1:10 ratio of enzyme to meat (dry 
weight) and were buffered at pH 4.7. A preliminary test indicated that 
enzymic digestion rather than autoclaving with acid gave maximum liber- 
ation of nicotinic acid. Waisman, Henderson, Mclntire, and Elvehjem 
(1942) demonstrated the necessity of using enzymic digestion for com- 
plete liberation of pantothenic acid from both raw and cooked muscle 
tissue, and suggested that liquefaction of the denatured proteins might 
be an important phase of the enzymatic action. Cheldelin and Williams 
(1942) showed that a combination of takadiastase and papain was highly 
efficient in extracting both nicotinic and pantothenic acids from animal 
tissue. After 48 hours’ digestion the samples were heated on a steam 
bath for 15 minutes to precipitate soluble proteins. The cooled digests 
were made up to volume, and filtered through Whatman No. 40 filter paper. 
The filtrates were diluted as required for the vitamin assays. 

For the determinations of thiamin and riboflavin in liver, aliquots of 
the blends were extracted for one hour with mechanical stirring in N/IO 
H2SO4 at 70 to 75®C. (158 to 167®F.). After cooling the extracts were 
digested with Clarase for 18 hours at 50® C.(122®F.) in a pH 4.3-4.5 
medium. 

To obtain samples of the drippings, the total quantity of known weight 
was heated to 60®C.(140°F.) in a covered bottle, shaken, and aliquots 
immediately transferred with a wide-mouthed pipette. The weighed ali- 
quots were digested as described for muscle samples prior to vitamin deter- 
minations. It was necessary to homogenize the drippings from the fried 
and broiled meats, by blending 30 seconds in a Waring blendor before 
sampling. 

RESULTS 

The weight losses on cooking (Table 1) show that, as would be expected, 
braising, a moist-heat method which required on the average from 40 
to 48 minutes per pound, gave greater cooking losses than the dry-heat 
methods, broiling and frying. The losses during braising are accounted for 
by the increased amount of drippings. 

The retentions of nicotinic and pantothenic acids are summarized 
(Table 2) ; in the case of nicotinic acid there was no marked difference 
in the total cooking retention with any method of cooking. The total 
average retentions for all cuts with all methods of cooking ranged from 
88 to 96 per cent. If the amounts retained in the meat and recovered in 
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the drippings are compared, however, a distinct difference is observed 
between braising, on the one hand, and broiling and frying, on the other. 
In the braised cuts, where there was an increased amount of drippings, 
there was about twice as much nicotinic acid extracted from the meat. 
Approximately one-half of the original nicotinic acid was retained in the 
braised meat and about one-third was recovered in the drippings. In the 
broiled and fried cuts about four-fifths of the nicotinic acid was retained 
in the meat, and less than one-fifth was extracted into the drippings. 
There appeared to be little if any heat destruction of nicotinic acid, with 
the latter methods of cooking. 


TABLE 1 

Summary Cooking Data ^ 


M(‘thod of 
cooking 

Weight 

Time 

per 

jiound 

1 Cooking losses 

Volatile | 

1 Drippings 

1 Total 

Range 

Av. 

Range 

Av. 

Range 

Av. 


U). 

min. 

pet. 

pet. 

pet. 

pet. , 

pet. 

pet. 

Braising 









Hoel-of-ronnd 

3.2 

48 

5-14 

8 

23-31 

28 

33-38 

37 

(^inek 

3.r) 

40 

9 21 

13 

17-26 

22 

3.3-39 

CO 

Broiling 









Sirloin 

4.2 

7 

9-16 

12 

6-11 

8 

15-26 

19 

Frying 









Bound 

1.9 

4 

13-18 

16 

4- 6 

5 

19-22 

21 

Liver 

1.1 

6 

4-14 

11 






'Average of three cookings of fried liver; average of four cookings of other cuts of meat. 


TABLE 3 

Betenlion of Thiamin and Jtiboflavin in Fried Bref Liver ^ 


Vitamin 

Retention 

In liver 1 

1 In drippings | 

[ Total 

Range 

Av. 

Ra nge 

Av. 

Range 

Av. 


pet. 

pet. 

pet. 

pet. 

pet. 

pel. 

Thiamin 

81-89 

83 

2-8 

6 

87-91 

89 

Riboflavin 

89-102 

96 

2-8 

6 

98-105 

102 


* Average of four cooking tests for thiamin and riboflavin in liver and for thiamin in drippings; 
Bveiago of three determinations for riboflavin in drippings and total. 


In the case of pantothenic acid, braising likewise caused a marked 
leaching of the vitamin from the meat, but in addition there was also some 
heat destruction. Thus, with the heel-of-round pot roasts, where the total 
cooking time averaged 48 minutes per pound, the total cooking retention 
of pantothenic acid averaged 72 per cent, while the chuck pot roasts, with 
an average cooking time of 40 minutes per pound, gave an ayerage total 
cooking retention of 81 per cent. Application of the t-test to these two 
groups indicates that the difference is significant. The highest average 
total retention of pantothenic acid, 93 per cent, was obtained with broiled 
sirloin steaks cooked rare. While the fried steaks and liver had lower 
retentions on the average than the broiled gteaks, the difference is sta- 
tistically significant only in the case of the fried liver. Since the liver 
was sliced so thin, it might be surmised that the greater destruction of 
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of each cut. * Expressed as calcium pantothenate. 
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pantothenic acid was probably due to the increased surface per pound of 
meat exposed to the heat rather than the length of the cooking period. With 
these dry-heat methods only about one-tenth of the pantothenic acid was 
recovered in the drippings, but with braising about one-fourth of the 
original pantothenic acid was contained in the drippings. 

The results on retention of thiamin and riboflavin in fried beef liver 
(Table 3) indicate that riboflavin is completely retained during frying, 
although a slight amount is sometimes transferred to the drippings. With 
thiamin however, there is a slight loss averaging around 10 per cent. 

The nicotinic acid and pantothenic acid contents of the various cuts, 
both raw and as cooked, are summarized (Table 4). 

DISCUSSION OF RESULTS 

Nicotinic Acid: The results on the retention of nicotinic acid during 
cooking are in good agreement with those of Mclntire et al. (1943, 1943, 
and 1944) for veal and lamb, pork, and variety meats. With all methods 
of cooking they obtained total average retentions of nicotinic acid ranging 
from 90 to 100 per cent. Thus they reported 'Wery little difference in the 
total vitamin retention in braising, broiling, and frying but they too 
found that braising caused considerable leaching of nicotinic acid from 
the meat. They obtained about 65 per cent retention of nicotinic acid in 
braised pork-loin samples; an average of 61 per cent in braised cuts of 
lamb and veal; and from 50 to 60 per cent in braised liver, heart, and 
tongue, whereas when pork loin was roasted or broiled, the nicotinic acid 
retained in the meat ranged from 75 to 90 per cent. Their broiled and 
roasted lamb and veal retained an average of 80 per cent and broiled 
liver 85 per cent of the original nicotinic acid. Schweigert et al. (1943) 
also obtained a 79-per cent retention of nicotinic acid in roasted cured 
ham, and 85 per cent retention in fried-ham slices, with total retentions 
of 96 per cent in both cases. 

All of these results, as well as the ones obtained in this study, are 
slightly higher than those reported by Cover et al. (1944) for rib roast 
of beef, cooked rare, where the retention of nicotinic acid averaged only 
75 per cent in the meat with an additional four per cent in the drippings. 
However, they too obtained total retentions of 94 to 101 per cent in five 
of six rib roasts of beef, cooked well done. 

The nicotinic acid content of the various cuts of raw beef muscle deter- 
mined in this study ranged from 38 to 70 /xg. per gm. This is in good 
agreement with the range of 39 to 60 /ig. per gm. reported by Cover et al. 
(1944) for rib of beef of Commercial and Choice grades. It is a somewhat 
wider range than the 45 to 46 /utg. per gm. reported by Cheldelin and 
Williams (1942) for five samples of beef round. The nicotinic acid in four 
samples of raw beef liver used in these experiments ranged from 131 to 
158 ftg, per gm. These results compare favorably with the values of 1£0 
fig. per gm. reported by Cheldelin and Williams (1942) for one sample of 
beef liver, and 135 fig. per gm. determined by Mclntire et al. (1944). 

Pantothenic Acid: Very few studies of the retention of pantothenic acid 
in meat have been reported. Cover et al. (f&44) found an average total 
retention of 93 per cent for rib roast of beef cooked rare which agrees with 
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the value 93 per cent, reported here for sirloin steak broiled rare. They 
obtained a total retention of 77 per cent for well-done rib roast with 75 
per cent retained in the meat itself. The values of 72 and 81 per cent, 
respectively, for braised heel-of -round and chuck determined in this study 
are of the same order, however the braised cuts had only about 50 per cent 
of the original retained in the meat. 

In 1940, Waisman and others reported ‘'approximately 30 per cent'^ 
decrease of pantothenic acid in two samples of beef round after frying. 
They gave no figure for drippings. However, the retentions of 74 and 70 
per cent, respectively, obtained here in fried beef round and liver would 
seem to be in good agreement. 

The pantothenic acid content of the various beef muscles studied ranged 
from 3.8 to 8.8 /ig. per gm. This is a somewhat wider range than the 3.8 
to 4.7 value reported by Cover et aL (1944) for Commercial rib of beef. 
The average values of 5.6 obtained on heel-of-round, and 4.7 on round 
steak are considerably lower than the values of seven to 13 fig. per gm. 
reported by Waisman et al. (1942) for beef round. For beef liver, the 
values 74 to 92 /Ag. per gm. are in agreement with the values 55 to 92 /xg. 
per gm. reported by Cheldelin and Williams (1942) and slightly higher 
than the values 44 to 88 ftg. per gm. reported by Waisman et al. (1942). 

SUMMARY 

The effects of cooking on the nicotinic acid and pantothenic acid con- 
tents of beef pot roasts, fried round steaks, broiled sirloin steaks, and fried 
beef liver were determined. In the case of liver, thiamin and riboflavin 
retentions were also studied. 

The results with nicotinic acid indicate good total retentions in meat 
and drippings, averaging 92 per cent for all cuts with all methods of cook- 
ing. However, braising extracted about one-third of the nicotinic acid into 
the drippings. 

Pantothenic acid was retained to the greatest extent, 93 per cent in 
sirloin steak broiled rare. Fried round steak retained 85 per cent and 
fried liver 75 per cent. All of these include small amounts, six to 11 per 
cent in the drippings. Braised heel-of-round retained 72 per cent including 
23 per cent recovered in the drippings, while braised chuck retained 81 
per cent, with 28 per cent in the drippings. 

Beef liver retained an average of 89 per cent thiamin and 102 per cent 
riboflavin after frying, including six per cent recovered in the drippings 
in both cases. 

The nicotinic acid content of raw beef muscle ranged from 38 to 70 fig. 
per gm. and that of four samples of beef liver, from 131 to 158 fig. per gm. 

The pantothenic acid content of raw beef muscle ranged from 38 to 88 
fig. per gm. and that of four samples of beef liver from 74 to 92 fig. per gm. 

Raw beef liver contained from 2.5 to 3.4 fig. per gm. of thiamin and 
from 29 to 32 fig. per gm. of riboflavin. 
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EFFECT OF WEATHER, VARIETY, AND LOCATION 
UPON THIAMIN CONTENT OF SOME 
KANSAS-GROWN WHEATS " 

W. W. O^DONNELL* and E. G. BAYFIELD 
Kansas Agricultural Experiment Station, Manhattan, Kansas 

[Eeceived for publication, May 3, 1946] 

Numerous extensive investigations have been made studying the effect 
of environment upon the chemical constituents of the wheat berry, but no 
extensive work has been done in studying the effect of environment upon 
vitamin content of the wheat berry. It was to study the effect of environ- 
ment on the thiamin content of wheat and the relationship of both variety 
and location on the average thiamin content of some Kansas hard red 
winter wheat varieties that the present investigation was undertaken. 
Since flours were available for each respective wheat sample, the thiamin 
coikent of each flour was determined in order to give a complete story 
of fte effect of both variety and location on the thiamin content of wheat 
and flour. 

Nordgren and Andrews (1941) and Conner and Straub (1941) have 
shown that both variety and environment are highly significant in affecting 
the thiamin contents of winter wheats. Recently Whitney, Herren, and 
Westerman (1945) have presented data showing that variety influences the 
thiamin content of wheat. Hunt (1927), in his work on the effect of fer- 
tilizers, has indicated that acid phosphate alone or in a complete fertilizer 
with potassium chloride and sodium nitrate produced wheat with the high- 
est vitamin B content. Leong (1939) found that the thiamin potency of 
wheat was not influenced by soil treatment. 

EXPERIMENTAL PROCEDURE 

All the samples used in the present investigation were grown at various 
locations in Kansas as shown in the precipitation map (Fig. 1). Seven 
varieties were used as follows : Turkey, Blackhull, Tenmarq, Nebred, Chief- 
kan, Kawvale, and Clarkan. Samples were available for the years 1941 
and 1942 from Tribune, Colby,. Garden City, Meade, Dodge City, Hays, 
Hutchinson, Kingman, Manhattan, Thayer, and Columbus. The varieties 
called Turkey, Blackhull, and Tenmarq were grown at all 11 stations; 
Nebred and Chiefkan were grown at all except Thayer and Columbus; 
and Kawvale and Clarkan, the two soft wheats, were grown at Manhattan, 
Thayer, and Columbus. The locations represented some extreme climatic 
conditions prevailing in Kansas, as indicated (Fig. 1). 

The wheat and flour samples were stored in airtight jars in a refriger- 
ated room at approximately 4.4®C.(40®F.) until thiamin determinations 
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ment of the requirements for the M.S. Degree, May 1943. 

* Present address : Converted Rice, Inc., Houston, Texas. 


212 




























214 


W. W. O’DONNELL AND E. G. BAYFIELD 


were made. The storage period for any one sample did not exceed two 
months. Before the wheat was placed under refrigeration, it was passed 
through a Eureka cleaner to remove foreign material. The samples were 
finely ground at the time of analysis in a Hobart grinder, Model 275, to 
pass a 32-W screen. 

All wheat samples were milled on an Allis- Chalmers experimental mill 
to an ash content of approximately 0.42 per cent. The milling process 
consisted of four breaks and seven reductions. In blending each sample 
the fourth-break and low-grade flour streams were used to make the blend 
approximately 0.42 per cent ash. The flours thus prepared represented 
patent flours with an average extraction of 88 to 90 per cent. 

Thiamin content was determined by Ilennessy’s (1942) thiochrome 
method. Duplicate determinations agreeing within five per cent were made 
on all samples. 

WEATHER CONDITIONS 

Daily rainfall and daily maximum and minimum temperatures were 
obtained from April 15 to the date the wheat was ripe. April 15 was 
considered to be sufficiently early in the life of the plant to start collect- 
ing weather data to supply adequate information for an investigation of 
this type. 

In order to study the influence of rainfall and temperature upon the 
thiamin content of wheat, the daily weather data were condensed into 
three periods from the date of ripening hack to April 15. The three periods 
were called before, during and after heading” (Tables 1 and 2). 

The weather conditions for 1941 and 1942 were quite different, and it 
appears from the results that the growing conditions of 1942 were more 
favorable for thiamin production than were those of the preceding season. 
The 1941 season had sufficient precipitation throughout the time preceding 
the heading of the wheat, and during the heading stages rains were so 
plentiful that almost twice as much fell during this time as during the 
same period of growth in 1942. After the heading period rains were fre- 
quent and plentiful throughout the ripening stages, and the weather 
became increasingly warmer as the ripening progressed. The 1942 season 
preceding the heading stage was characterized by a scarcity of moisture 
which lasted until after heading. There was approximately twice as much 
precipitation during the 1941 heading period as during the heading period 
for 1942. 

Kains during 1942 were more frequent and plentiful after heading than 
during the preceding year. In 1942 warm weather followed the heading 
stage, but cool weather prevailed during the late stages of ripening. 

VARIETY, LOCATION, AND SEASON 

When the data were analyzed statistically, it was found that there 
existed a significant difference between both varieties and locations as 
shown by analysis of variance. This is evident from the averaged chemical 
analysis data (Tables 3 and 4)- For the 1941 crop, Turkey was the variety 
highest in thiamin content and, except for Tenmarq, it was significantly 
higher than all other varieties. The wheats from Tribune and Garden City 
were not significantly different but were significantly higher in thiamin 



TABLE 1 

Precipitation and Temperature for 1941, in Three Periods From April 15 to Date When Ripe 



Thiamin (mg./H^) | 2.36 | 1.96 | 2.29 | 1.87 | 1.71 I 2.67 I 2.46 | 1.52 | 2.11 | 1.82 | 1.70 

^Precipitation (in inches) is given above the line. ^Maximum and minimum temperatures (in *^F.) are given below the line. 
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TABLE 3 


Chemical Analysis of 1941 Crop Samples ' 


Location 

Test 

weight 

Wheat 

Flour 

yield 

(patent) 

Flour 

Protein 

Ash 

Thiamin 

Protein 

Ash 

Thiamin 


lb. 

pci. 

pel. 

mg./lh. 

pci. 

pet. 

pet. 

mg./lh. 

Garden City 

61.4 

14.6 

1.74 

1.99 

92.3 

13.9 

.42 

.46 

Tribune 

ri8.6 

13.0 

1.55 

1.97 

92.7 

12.0 

.42 

.41 

Meade 

54.1 

14.6 

1.97 

1.97 

91.8 

13.7 

.46 

.46 

Colby 

57.9 

13.1 

1.54 

1.89 

92.9 

12.1 

.42 

.38 

Columbus 

57.6 

10.7 

1.58 

1.84 

97.6 

10.1 

.41 

.63 

Bodge City 

59.2 

13.4 

1.72 

1.77 

90.2 

12.5 

.43 

.46 

Hays 

00.6 

14.0 

1.57 

1.71 

91.3 

13.2 

.42 

.45 

Kingman 

57.3 

13.5 

1.79 

1.70 

92.0 

12.6 

.44 

.50 

Hutchinson 

57.5 

12.6 

1.58 

1.64 

92.2 

11.5 

.42 

.43 

Manhattan 

57.3 

13.4 

1,64 

1.61 

94.6 

12.1 

.41 

.36 

Thayer 

58.8 

11.8 

1.64 

1.46 

92.4 

10.8 

.41 

.50 

Averaffe 

58.2 

13.2 

1.66 

1.77 

92.6 

12.3 

.43 

.45 


Variety 



Turkey 

Tenmarq 

Blackhull 

Nebred 

Obiefkan 

Clarkan 

Kawvale 

Thiamin (mg./lb. ) .... 

1.97" 

1.86 

1.80 

1.79 

1 .59 

1.51 

1.38 

0.39® 

0.44 

0.46 

0.44 

0.44 

0.67 

0.42 


^Protein, ash, and thiamin contents expressed on 15 per cent moisture basis. ^ Wheat values 
given above the lino. ^ Flour values given below the line. 


TABLE 4 


Chemical Analysis of 1942 Crop Samples ^ 


Location 

Test 

weight 

Wheat 

Flour 

yield 

(patent) 

Flou r 

Protein 

Ash 

Tliinmin 

T’rotein 

Ash 

Thiamin 


lb. 

pet. 

pet. 

mg./lb. 

pet. 

pet. 

pet. 

mg./lh. 

Garden City 

r^s.i 

18.7 

2.15 

2.36 

87.6 

17.8 

.45 

.48 

Tribune 

59.8 

16.2 

1.78 

1.96 

89.7 

14.9 

.42 

.56 

Meade 

58.5 

16.1 

2.00 

2.29 

90.9 

15.0 

.43 

.55 

Colby 

58.5 

14.4 

1.82 

1.87 

86.2 

13.4 

.41 

.35 

Columbus 

55.9 

10.8 

1.77 

1.71 

96.6 

9.7 

.42 

.63 

Dodge City 

57.6 

16.1 

2.00 

2.67 

88.0 

15.1 

.45 

.37 

Hays 

57.6 

16.6 

1.89 

2.46 

88.1 

15.9 

.42 i 

.52 

Kingman 

57.0 

14.7 

1.70 

1.52 

87.7 

12.7 

.43 

.29 

Hutchinson 

59.5 

13.7 

1.56 

2.11 

92.4 

12.4 

.41 

.53 

Manhattan 

55.7 

13.8 

1.86 

1.82 

98.9 

12.5 

.41 

.59 

Thayer 

57.9 

12.6 

1.60 

1.70 

95.0 

11.5 

.42 

.62 

Average 

57.8 

14.8 

1.83 

2.03 

91.3 

1 13.7 

.42 

.50 


Variety 



Turkey 

Tenmarq 

Blackhull 

Nebred 

Obiefkan 

Clarkan 

Kawvalo 

ThiflTnin ( iDtr /lli 

2.05“ 

2.29 

2.07 

2.23 

1.82 

1.53 

1.44 


0.42* 

0.49 

0.55 

0.55 

0.41 

0.81 

0.53 


^ Protein, ash, and thiamin contents expressed on 15 per cent moisture basis. * Wheat value 
given above the line. *ilour values given below the line. 
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content than were the wheats from the other stations. There was no 
demonstrable effect of location or variety on the thiamin content of the 
flours from the 1941 wheats. 

Both location and variety also influenced the thiamin content of the 
1942 wheat. The thiamin content of Tenmarq was signiflcantly higher 
than that of Blackhull, Turkey, and Chiefkan but was not significantly 
greater in thiamin content than Nebred. The wheat from Dodge City was 
signiflcantly higher in thiamin content than the wheats from all stations 
with the exception of that from Hays. For the 1942 flours both the location 
and varieties influenced the thiamin content. 

Seasonal variation was shown to influence the thiamin content of wheat 
because the thiamin content of the 1942 wheat crop was 15 per cent higher 
than that of the 1941 croj); also, the ash and protein contents were con- 
siderably higher than those of 1941. 

THIAMIN AS RELATED TO PROTEIN AND ASH CONTENT 

Statistically, no significant relationship was found to exist between 
thiamin and wheat ash or wheat protein for either the 1941 or 1942 crops. 
These results are in agreement with those of Hoffman, Schweitzer, and 
Dalby (1940) and Nordgren and Andrews (1941), w^ho found no relation 
between thiamin and ash in winter wheats. Very definite trends were 
noted, however, when the protein and ash contents were plotted against 
thiamin content, but in nearly every case there appeared one or two 
locations which were very much out-of-line and these probably caused the 
nonsignificant correlation coefficients. No explanation can be offered at 
this time for these locations which failed to fit the trend. 

THIAMIN AS RELATED TO RAINFALL AND TEMPERATURE 

Swanson (1941) suggested that weather conditions dpring the heading 
and blossoming stages in the life of the wheat plant greatly influenced the 
composition of the wheat berry. In the present study a significant rela- 
tionship was found to exist between the thiamin content and amount of 
precipitation and minimum temperature during the week following the 
blossoming of the 1941 wheat crop (Fig. 2). The locations, Thayer and 
Columbus, were omitted because they represented strictly soft wheat areas. 
As the rainfall increased during this interval, wheat higher in thiamin 
content resulted, and a correlation coefficient of 0.73 was obtained (P==3 
per cent). For the same period the average minimum temperature and 
thiamin content were negatively related, and a correlation coefficient of 
— 0.67 was obtained (P = 5 per cent). This relationship indicates that 
during the period following blossoming, cool weather with increasing rain- 
fall resulted in greater amounts of thiamin in the wheat berry. 

For the same interval during the 1942 growing season no significant 
relationship was found between either the precipitation or temperature, 
although trends similar to the previous year were noted. It is thought 
that the scarcity of rain preceding and immediately following the head- 
ing period may be a possible explanation for the failure to find a similar 
relationship for 1942. 
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No correlation was found between the thiamin content of wheat and 
total precipitation (April 15 to harvest), although a nonsignificant nega- 
tive correlation was noted between thiamin content of wheat and the 
amount of precipitation which occurred between heading and harvest for 
both 1941 and 1942, indicating that the thiamin content of wheat may be 
negatively related with conditions favoring starch formation. It is known 
that plentiful rains during the ripening period favor and accelerate the 
rate of starch synthesis. Further supporting evidence for this supposition 
is shown (Fig. 3), which gives the relationship between thiamin content 



and test weight of the wheat for 1942. A highly significant negative cor- 
relation coeflScient of — 0.87 was obtained, indicating that the thiamin 
content is higher in low-test-weight wheat than in high-test-weight wheat. 
The stations, Manhattan and Kingman, are omitted from this figure be- 
cause the wheat was of very low test weight owing to severe weathering, 
as was seen by texture analysis. This relationship between thiamin content 
and test weight of wheat was not significant for 1941, but this might be 
explained by the greater variation in the 1941 test weights than in the 
following year owing to the much greater precipitation in 1941. 

THIAMIN IN WHEAT AS RELATED TO THIAMIN IN FLOUR 

At one time it was assumed that wheat with a high thiamin content 
would yield a flour that was higher in thiamin content than a flour milled 
from a wheat low in thiamin content. Statistically, the results obtained 
in this investigation show no relationship between the thiamin content of 
wheat and flour for either 1941 or 1942. The failure of wheats of high 
thiamin content to result in flours higher in thiamin content than flours 
milled from wheats of lower thiamin content is undoubtedly due to the fact 
that the greater portion of thiamin is located in the scutellum tissues. 
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Hinton (1942) has presented an extensive piece of research work indicat- 
ing that the thiamin content of the scutellum (tissue immediately sur- 
rounding the germ) may be up to ten times that of the embryo. From the 
present knowledge of normal milling practices it is believed that the 
scutellum tissue is not included in patent grades of flour. 

TABLE 5 


Comparison of Thiamin Contents of Flours Milled on 
65-Barrfl Mill and Experimental MilV 


Variety 

Wheat 

Mill and 

Yield-* 

Patent 

Clear 


Flour 


thiamin 

grade 

Thiamin 

Protein 

Ash 


mp./Ih. 


t>ct. 

pet. 

pet. 

mg. /lb. 

pet. 

pet. 

Tcnmarq 

1.48 

O.! 1)1)1. straight 

71.1 



.62 

11.4 

.44 

Tenmarq 



Expt. straight 

71.8 



.66 

11.0 

.46 

Tenmarq 


Expt. iiatent 
9fi% 

72.5 

60.6 

2.0 

.48 

11.4 

.42 

Pawnee 

1.14 

6.*) bl)l. straight 

75.2 



.56 

ll.O 

.38 

Pawnee 


Expt. straight 

75.5 



.58 

1 2.2 

.40 

Pawnee 


Expt. patent 
100% 

73.9 

73.9 

0.0 

.58’’ 

12.0 

.40 

Turkey 

1.04 

6.") bl)l. straight 

73.0 




.53 

11.6 

.42 

Turkey 


Expt. straight 

74.7 



.55 

11.0 

.46 

Turkey 


I Expt. ])atent 
<).')% 

72.6 

. 60.0 

1 

3.6 

.40 

11.6 

.42 

Ohiofkun 

1,11 

6.*) 1)1)1. straight 

60.6 



.50 

12.4 

.51 

(’hiefkan 


Expt. straight 

73.1 



.55 

12.8 

.52 

(’hiefkan 


Expt. patent 
88% 

72.6 

63.8 

8.8 

.41 

12.6 

.48 

Blackliull.... 

1.20 

().■) bbl. straight 

60.3 



.50 

12.2 

.42 

Blackliull.... 


Expt. straight 

60.9 



.54 

12.6 

.45 

Blackliull... 


E qit. patent 
04% 

60.8 I 

65.6 

4.2 

.30 

12.2 

.42 

^Thiamin, jirotein, and ash contents on lo 
® Same as atiaiKht flour. 

per cent 

moisture 

basis. “ D.y-rnoisture basis. 


The flours used in this investigation, as previously mentioned, were 
patent flours; the thiamin contents of flours milled on the Kansas State 
College 6r)-bbl. mill and the Allis-Chalmers experimental mill are shown 
(Table 5). The figures show that the thiamin contents of the flours milled 
on the large mill and the experimental mill are, for all practical purposes, 
identical and that any slight variability is well within the experimental 
error. It is considered that the patent flours used in this investigation 
represent reasonably well the type of flours which would be obtained from 
similar wheat if a commercial flour of the designated ash content were to 
be milled from such wheat. 

SUMMARY 

A study' was made with five winter wheat and two soft wheat vari- 
eties grown in Kansas to ascertain the effect of weather, variety, and 
location upon the thiamin content of the wheat. In addition, the thiamin 
content was determined on the flour for each respective wheat, and the 
relationship between thiamin content of the wheat and of the flours was 
investigated. 
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Seasonal variation influenced the thiamin content of wheat. The thia- 
min content of the 1942 wheat crop was 15 per cent higher than that of 
the 1941 crop. 

Thiamin content of wheat was influenced by both variety and location. 
The differences owing to variety and location are significantly different 
as shown by an analysis of variance. 

No significant relationship was found between the thiamin and wheat 
ash or wheat protein although a positive trend was noted. 

The thiamin content of wheat appeared to be negatively related with 
conditions favoring starch synthesis. 

There appeared to be some factors which were not taken into consider- 
ation in this study and which may have prohibited the correlation of 
wheat ash or wheat protein with thiamin content; or else there was an 
excessive A^ariation Avithin the samples used. 

Conditions favoring high percentage protein and ash appeared to favor 
high thiamin content. 

No correlation was found between the thiamin content of wheat and 
flour milled from the wheat; therefore, wheat of high thiamin content does 
not necessarily moan that the flour milled from this wheat Avill be higher 
than flour milled from a Avheat of Ioav thiamin content. 
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The rate of loss of vitamin C in vegetables varies with the conditions 
of holding, with different vegetables, and with different varieties of the 
same vegetable. The use of ice in holding some vegetables during trans- 
portation from distant markets is a rather common practice, but its use 
during transportation of vegetables from the local production areas to 
the local market and during holding in the market is very limited. In 
many cases, the garden-fresh appearance of locally grown vegetables has 
been lost by the time they are displayed for sale and therefore compare 
unfavorably with some which are shipped in from other areas. This study 
was undertaken in the interest of helping the local producer of vegetables 
to market his produce to advantage, to help the merchant to prevent 
waste, and to supply to consumers vegetables of fresh appearance and 
high nutritive value. It was thought that such a study would contribute 
information as to the kinds of vegetables that need to be packed in crushed 
ice during transportation and holding, and the length of time that certain 
vegetables may be held and still retain their fresh appearance and high 
nutritive value. 

The loss of moisture in vegetables transported uniced and displayed in 
an open display case at room temperature without the use of ice becomes 
an economic factor when vegetables are sold by weight. The study of the 
rate of loss with certain vegetables and under certain conditions of storage 
would contribute some practical information as to the economic value of 
the use of crushed ice during transportation and holding. 

REVIEW OF LITERATURE 

The effect of storage at different temperatures on the ascorbic acid 
content of a number of vegetables was reported in a series of studies made 
by Tressler, Mack, and King (1936a, b) ; Tressler, Mack, Jenkins, and 
King (1937) ; Gould, Tressler, and King (1936) ; Mack, Tressler, and King 
(1936) ; Mack, Tapley, and King (1939) ; and Wheeler, Tressler, and King 
(1939). All vegetables studied, with the exception of rhubarb and toma- 
toes, lost ascorbic acid rapidly at room temperature in summer. In gen- 

^A co-operative research contribution of the Ohio Association of Ice Industries and 
the Ohio State University Research Foundation. 
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eral, the loss in all vegetables was less at refrigerator temperatures than 
at room temperature. The rates of loss at the different temperatures varied 
with the vegetables studied. Snap beans, lettuce, and kale lost vitamin C 
at a greater rate at 1 to 3°C.(33.8 to 37.4°F.) than did spinach, peas, 
lima beans, broccoli, cabbage, cauliflower, endive, cantaloup, parsnips, and 
kohlrabi at the same temperature. Cabbage lost only one-fifth of its 
ascorbic acid after storage for 19 days at room temperature, while spinach 
lost approximately one-half after three days at room temperature. Zep- 
plin and Elvehjem (1944) reported an investigation on the ascorbic acid 
retention in Swiss chard, lettuce, spinach, broccoli, and green beans dur- 
ing various storage conditions. All these vegetables, except green beans, 
lost vitamin C quite rapidly at room temperatures of 20 to 23°C^(6S to 
73.4°F.). Storage in refrigerators reduced the losses in these vegetables. 
Broccoli, Swiss chard, and lettuce retained most of their vitamin C when 
stored in crushed ice for three days. Gordon, Griswold, and Porter (1945) 
found that storage in snow ice favored the retention of vitamin C and the 
appearance and quality of leaf lettuce, green beans, and spinach. 

EXPERIMENTAL PROCEDURE 

The nutritive value of the vegetables studied was judged by the per 
cent retention of vitamin C, a criterion suggested by Fenton (1940). 
Weight changes were determined by use of the laboratory balance. All 
vegetables studied were grown on the Ohio State University Farm under 
the direction of the Horticulture Department, harvested, and brought to 
the laboratory at once. The weight and vitamin C content were determined 
and these values served as initial values on which all calculations of changes 
were based. Preliminary tests showed that the vitamin C content of sam- 
ples placed in the extractant in the field was practically identical with that 
of those harvested and brought to the laboratory and then placed in the 
extractant. The period from time of harvesting to time of extraction was 
never more than 30 minutes. 

The storage conditions under which the vegetables were held were 
as follows: exposed to air at room temperature, approximately 26.7®C. 
(80°F.) ; on top of crushed ice in an open display case; buried in ice in 
a drained metal tray; in refrigeration at approximately 10°r.(50°F.). 
These vegetables were held under these conditions as long as they were 
considered to be of marketable quality. The time of holding varied with 
the vegetable and the condition of storage. 

The vitamin C contents of beets and asparagus were determined by 
the method of Roe and Oesterling (1944). All other vegetables were tested 
by the method of Morell (1941). Relative losses could be computed from 
the results obtained by the Morell method and many more samples could 
be analyzed in a shorter time by the latter method. Each time a vegetable 
lot was tested for vitamin C content, two different samples were chosen and 
analyzed separately. A mixture obtained by combining portions of the 
extractants in which the two samples were blended was also analyzed. This 
check method showed that variations of more than one per cent in the two 
samples could not be attributed to poor analytical procedure. Sampling 
methods varied with different vegetables. In general, however, the average 
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variation in vitamin C content of the two samples from the same lot was 
less than five per cent. 

RESULTS AND DISCUSSION 

Effect of Four Different Storage Conditions: Since the vitamin C 
retention tests for asparagus, peas, cabbage, Swiss chard, and lima beans 
covered similar storage conditions, the results will be presented in a com- 
bined form. For each of these vegetables vitamin C determinations were 
made when freshly harvested and at intervals after storage of from one 
to 10 days. Each vegetable was harvested several times and experiments 
were repeated. 

In general, samples contained all edible portions of the vegetable being 
tested. Peas and lima beans were stored unslielled. Swiss chard samples 
were taken from the leaves of several plants. Asparagus samples contained 
several stalks. For cabbage, different samples from the same head were 
tested at various times. 

The vitamin C data were collected into 20 tables, one for each of the 
five vegetables and four storage conditions. To evaluate the data, each 
table was examined for significant trends in vitamin C loss during storage 
and then the trends in different tables were compared. The discussion 
below indicates how this was done. 

Three heads of cabbage, harvested at different times, were sampled for 
vitamin content when freshly harvested and after being lield at room 
temperature for from one to four days. The vitamin C content is expressed 
in milligrams per 100 grams of fresh w^eight (Table 1) ; each value was 
obtained by analyzing two radial slices from the same head of cabbage. 
For the 18 determinations the per cent differences between the duplicate 
samples ranged from 0 to 10 per cent, with a mean value of 8.9 per cent. 
This W’ould suggest that the apparent vitamin C increase at the end of the 
first day might be due to sample variation, while the vitamin C losses after 
three and four days cannot be attributed entirely to this cause. 


TABLE 1 

Viiamin C Urtcntion^ of Cahhaffe Held at l^oom Temperature 


Hond No. 

' 

Number of days stored at 26.7°C.(H0"F,) 

0 

1 

o 

3 

4 

1 

47.2 

.10.1 


45 0 

40.8 

o 

7.3.6 

73.0 


64.9 

66.7 

3 

r»2.8 

54.2 

49.5 

50.3 

49.8 

Average per cent retention 

100.0 

103.0 

94.0 

93.0 

90.0 


^ Given in milligrams per 100 grams. 


Vitamin C retention data for each vegetable under each storage con- 
dition were expressed as percentages of the corresponding freshly harvested 
value and these percentages were averaged. This simplified comparisons 
among the data. The average per cent retentions were smoothed in order 
to eliminate small variations which might obscure trends in vitamin C loss. 
The smoothing was accomplished by fitting exponential curves by the 
method of least squares. For the data of Table 1, the smoothing process 
gave per cent retentions of 98, 96, 93, and 90, respectively, for the first 
four days of storage. 
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Graphs of the curves mentioned above are shown (Fig. 1). The 100- 
per cent level on these graphs is equal to the following values in milligrams 
per 100 grams: cabbage, 66.1; peas, 39.0; chard, 35.6; lima beans, 34.7; 
and asparagus, 29.7. The graphs clearly show that the vitamin C retention 
varied greatly among the diiferent vegetables. Cabbage retained most of its 
vitamin C under all four methods of storage, while chard lost considerable 
vitamin C in each case. It is also indicated that each individual vegetable 
retained its vitamin C best when packed in ice and suffered the greatest 
loss when exposed to air at room temperature. 


A Packed in Ice 



NO OF Days in ice 


B Refrigeration at 50 ® F. 




No. of Days on Top of Ice 



No. OF Days at 80® F. 


Pig. 1. Vitamin C retention as related to different vegetables, storage conditions, 
and length of storage period. 


It was found that broccoli would not remain in a marketable condition 
for more than two days either at room temperature or when displayed on 
top of ice, although it would keep much longer under refrigeration. This 
suggested a study of vitamin C retention for a two-day period, making 
sufficient tests so that differences in vitamin C retention for different stor- 
age methods could be tested statistically for significance. Broccoli was held 
under the four storage conditions already mentioned except that the aver- 
age refrigeration temperature was 5.6°C.(42°F.) instead of 10°C.(50®P.). 

Samples, taken from what seemed to be the edible portion of a head, 
included the flowers, small leaves, and about three inches of stalk. For 
one head the vitamin C content, in milligrams per 100 grams, was found 
to be as follows : in the leaves, 180 ; in the flowers, 142 ; and in the stalk, 
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98. Among the different heads, apparently of the same maturity, the tested 
vitamin C content was found to vary from 83 to 174 milligrams. 

In an effort to eliminate the effect of the great variation in vitamin C 
content of fresh samples the general practice in testing was to divide a 
freshly harvested head lengthwise. One half was tested immediately and 
the other half was tested after storage for one or two days. The vitamin C 
content of each stored sample was then expressed as a percentage of the 
vitamin C content of the corresponding fresh sample. 

An average of eight separate tests was made for each method of holding. 
The average vitamin C content of freshly harvested broccoli was 132 
milligrams per 100 grams fresh weight; the average per cent retention 
is shown (Table 2). 


TABLE 2 

Vitamin C Retained in Broccoli 


Method of storage 

1 Number of days stored 

1 

2 


prt. 

pet. 

Packed in ice 

101 

103 

Befrigerated at r).6°C.(42°F.) 

93 

92 

On top of ice 

89 

91 

Room temperature of 20.7‘*0.(80°F.) 

70 

56 


The usual statistical methods, e.g., Snedecor (1940), were used to test 
for significant differences between two means. It was found that for 
each day the vitamin C content of broccoli packed in ice was significantly 
greater than for the other methods of storage. The difference between 
refrigeration and storage on ice was not significant but these methods were 
significantly better than holding at room temperature. The differences 
between the first and second days were not significant except for storage 
at room temperature. The apparent increases when the broccoli was packed 
in ice could not be regarded as significant, but the vitamin C loss was sig- 
nificant for each other method of storage. 

Effect of Different Storage Temperatures: Storage temperature seemed 
to be the most important factor in the vitamin C retention for a particular 
vegetable. A short experiment, designed to test this observation, was car- 
ried out with shelled lima beans which were packed in crushed ice and 
were held under refrigeration both at 4.4 and 10®C.(40 and 50°P.). The 
results, smoothed by the method used for cabbage, show the per cent of 
the original vitamin C retained, at the end of 24-hour periods, for five 
days (Table 3). They indicate that vitamin C loss in shelled lima beans 
is greater at higher refrigeration temperatures. 

Comparison of Vitamin C Retention and Weight Changes for 14 Vege- 
tables: It has been noted that for one method of storage the vitamin C 
retention of two different vegetables may vary widely. To obtain more 
information about this variation, additional experiments were carried out 
using beets, carrots, celery, green peppers, kale, radishes. New Zealand 
spinach, and tomatoes. Bach of these vegetables was tested for vitamin C 
content when freshly harvested, after one and two days^ storage in ice, 
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and after one and two days at room temperature. These results, along 
with the corresponding data for the vegetables studied earlier, are pre- 
sented (Table 4). 

For each of the 14 vegetables studied, samples were weighed when 
freshly harvested and then reweighed after various intervals of storage. 
The resulting weight-change data showed that, in general, a rapid loss 
of weight occurred at room temperature, the loss was less rapid under 
refrigeration, and there was no weight loss for vegetables packed in ice. 
Observed weight changes for each vegetable after two days in ice and 
after two days in air are also shown (Table 4). 

TABLE 3 


Bctention of Vitamin C in Shelled Lima Beans 


Method of storage 

1 Number of days stored 

1 

2 

3 

4 

5 


pet. 

pet. 

pet. 

pet. 

pet. 

Packed in ice 

92 

84 

78 

71 

65 

Refrigerated at 4.4“C.(40°F.) 

86 

75 

68 

63 

61 

Refrigerated at 

84 

70 

57 

45 

35 


TABLE 4 

Vitamin C Content and Weight Changes of Vegetables Packed in Ice for Two 
Days and of Vegetables Held at Room Temperature for Two Days 


Vegetables 

Vit-ainin C 

(milligrams per 100 grams) 

Weight 
(per cent of) 
original) 

Freshly 

har- 

vested 

After 1 
day in 
air 

After 1 
day in 
ice 

After 2 
days in 
air 

After 2 
days in 
ice 

After 2 
days in 
ttir 

After 2 
days in 
ice 

Asparagus 

.30 

20 

28 

13 

26 

80 

104 

Beets 

4 

3 

3 

3 

3 

89 

102 

Broccoli 

132 

93 

134 

74 

136 

58 

105 

Cabbage 

66 

64 

67 

62 

67 

93 

102 

Carrots 

9 

10 

11 

5 

8 

83 

102 

Celery 

20 

15 

19 

11 

20 

71 

102 

Green peppers 

151 

140 

129 

128 

134 

95 

100 

Kale 

143 

' 121 

1.50 

91 

128 

70 

108 

Lima beans (in pod).. 

35 

28 

32 

23 

30 

94 

100 

New Zealand spinach.. 

41 

28 

38 

20 

36 

69 

122 

Peas (in pod) 

39 

32* 

♦ 39 

26 

38 

86 

100 

Radishes 

30 

25 

29 

21 

28 

80 

103 

Swiss chard 

36 

13 

31 

6 

27 

65 

115 

Tomatoes 

1 26 

26 

26 

23 

25 

99 

100 


This table clearly reveals the effectiveness of ice in retaining the 
original weight and the vitamin C content of vegetables. When packed 
in ice for two days most vegetables actually gained weight, the average 
increase being about four per cent. The weight losses of vegetables held 
at room temperature for two days varied considerably but averaged about 
20 per cent. Swiss chard and beets were the only vegetables to lose more 
than 15 per cent of their original vitamin C content when packed in ice 
for two days. On the other hand, only cabbage, tomatoes, and peppers 
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retained more than 85 per cent of their original vitamin C content after 
being held at room temperature for two days. 

SUMMARY 

Vegetables were studied to determine the rates of loss of vitamin C 
when the vegetables were held at room temperature, on top of crushed 
ice, buried in crushed ice, and in refrigerators. The vegetables were held 
under each of these conditions for periods of from two to 10 days. Weight 
changes were determined for these vegetables after storage for two days 
at room temperature and storage for two days in crushed ice. 

The rate of loss of vitamin C during storage varied with the vegetables 
studied and the storage conditions. Cabbage, tomatoes, and green peppers 
retained 94, 88, and 85 jier cent, respectively, of their original vitamin C 
content when stored in air at room temperature for 48 hours. All other 
vegetables studied showed a much lower per cent retention under this 
storage condition. 

In every case the vegetables stored in crushed ice retained a greater 
percentage of their vitamin C than those stored under any of the other 
three storage conditions. 

Vegetables stored in crushed ice showed an average increase in weight 
of about four per cent in two days. Leafy vegetables, such as spinach, 
chard, and kale, showed the greatest increases. 
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• The iron content of foods and food products is important for several 
reasons. It is significant from the viewpoint of nutrition as well as for 
the possible effect on stability. Whatever the reasons, accurate and rapid 
methods for its determination are essential. The well-established thio- 
cyanate method for iron is gradually being replaced by jirocedures which 
employ reagents, such as alpha, alpha'- dipyridyl [Cereal Laboratory 
Methods (1941), Jackson (1938), and Moss and Mellon (1942)] and 
1,10-phenanthroline [Benne and Snyder (1944), Cowling and Benne 
(1942), Fortune and Mellon (1938), and Pyenson and Tracy (1945)] 
that yield stable-colored iron complexes not readily affected by variations 
in the hydrogen-ion concentration or by the presence of other ions. The 
work of Woods and Mellon (1941) has established the reason for this 
trend and clearly indicates the inferiority of the thiocyanate reagent. 
While many of the analyses made in the past using thiocyanate reagent 
were accurate, some of the data reported indicate either a marked and 
unusual variation in the iron content of some products or errors in some 
of the analyses. 

The iron contents of calf liver and beef liver have been reported by 
Elvehjem and Hart (1926) to be 54 and 83 p.p.m., respectively, and by 
McCance and Widdowson (1940) to be 240 and 240 p.p.m., respectively. 
The cause of such variations may be in the age of the animal, the condition 
of the animal at the time of slaughter, or the methods used to determine 
the iron. 

Another case of wide difference is that of the reported iron content 
of milk. Data in the literature vary over a range of 0.2 to 58 p.p.m. 
[Johnson (1944) and Stugart (1931)]. Rogers and associates (1935), Sher- 
man (1941), and Reis and Chakmakjian (1932) place the iron content of 
milk between 1 and 4.5 p.p.m,, while Stugart (1931) and Johnson (1944) 
found 0.1 to 0.7 p.p.m. Recent analyses made by the authors are in agree- 
ment with the latter figures (Table 1). 

The work reported in this paper includes an investigation of methods 
and their application to liquid and dried milk, fats and oils, and meat and 
meat products. 

EXPERIMENTAL PROCEDURE 

The usual procedure for the preparation of samples is to consume the 
organic matter either by ashing the sample in the dry form, according 
to Cereal Laboratory Methods (1941), or by acid digestion, according t& 
Jackson (1938), Reis and Chakmakjian (1932), Stugart (1931), and 
Thompson (1944). The latter has been used extensively, but in the 
experience of the authors this method requires more time and attention 
by the analyst than does dry ashing. Dry ashing of the sample can be 
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accomplished by heating in an electrically heated mufl3e furnace at 500 
to 550°C. (932 to 1022°F.) for four to six hours. No harm is done if the 
sample is heated for 16 hours (overnight). It is claimed that dry ashing 
gives low results owing to the presence of phosphates, but the authors 
did not encounter any such trouble when the temperature was maintained 
at 500 to 5e50°C. during ashing. In fact, just the opposite was observed 
in the case of whole milk (Table 1). In the case of samples of whole milk 

TABLE 1 


Comparison of Wet and Dry Ashing Droccdnrvs 


Sample 

Dry ashing 

Wet ashing 

1,10-phenanthroline 
(iron in p.p.m.) 

Thiocyan- 
ate (iron 
in p.p.m.) 

l,ie-pht*n- 
nnthroline 
(iron in 
]..p m.) 

Thiocyan- 

(iron in 
p.p.m.) 

Liquid whole 

1 

0.0, 

0.5, 0.5 


0.4 

0.3 

milk 

2 

0.7), 

0.5, 


0.3 

0.3 


3 

0.7, 

0.6 

• ••t 

0.4 

0.3 


4 

0.5, 

.... .... 


0.3 

0.3 


.T 

O.f), 

0.5, 0.7 

.... 

0.3 

0.4 


(i 

0.0, 

.... 

0.5 

0.3 

0.3 


7 

0.7, 

.... 

0.6 

0.2 

0.2 


8 

0.7, 


0.6 

0.4 

0.3 

Dried whole 

1 

5.0, 

5.5, 5.0 



5.2 

milk 

2 

4.5, 

5.0, 

.... 


4.5 


3 

5.0, 

.... .... 

.... 

.... 



4 

7.5, 

.... .... 



.... 


5 

3.0, 

.... .... 

.... 

.... 

• ••• 


() 

6.5, 

.... .... 

.... 

.... 

...» 

Special mixtures 







Blank^ on 







mixture No. 1 


0.5 


0.5 

0.4 

0.4 

Mixture No. 1 plus 







iron (2 p.p.m.) 


2.0 


2.3 

2.4 

2 2 

Calculated iron 







content 


2.5 


2.5 

2.4 

2.4 

Blank^on 







mixture No. 2 


0.9 


• ••• 


0.7 

Mixture No. 2 plus 







iron (2 p.p.m.) 


2.7 




2.1 

Calculated iron 







content 


2.9 


.... 

.... 

2.7 


^ Special mixture No. 1 taken for analysis contained 1.25 gpn. urea, 3.75 gtn. sugar, and 0.01 
gm. calcium phosphate made to a total of 50 gm. with water. ^ Same composition as above except 
0.20 gm. calcium phosphate in place of 0.01 gm. 


and special mixture No. 2, apparently a portion of the iron was converted 
during wet ashing to an inactive form which did not react with the color- 
producing reagents. Platinum and Vycor dishes were used for dry ashing 
with equally satisfactory results. 

Other diflBculties were experienced when using the wet ashing pro- 
cedure, Thompson (1944). If the sample was insuflSciently heated, the 
perchloric acid was not entirely expelled and an abnormally intense color 
was produced when the thiocyanate reagent was added. This, of course, 
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led to false iron values considerably above the true iron content. Exces- 
sive heating invariably led to low results. If carried nearly to dryness, 
the iron value obtained could be made to approach zero. The addition of 
sulfuric acid to maintain the original volume of the solution gave a slight 
improvement, but results still fell short of the true value. Special care 
had to be taken to wash down the necks of the digestion flasks with water 

TABLE 2 


Effect of Copper lon^ Eedncing Agent, and pH 


Sample 

Copper 
added to 
sample * 

Reducing 
reagent 
used ^ 

pH 
of test 
solution 

Iron 

A 

j>. p. m. 

TIQ 

3.6 

p. p. m. 

66 

A 


HQ 

4.4 

66 

A 


HQ 

4.9 

66 

A 

.... 

HTI 

3.5 

66 

A 


HH 

4.9 

66 

A 


HQ 

3.5 

64 

A 

a 

HQ 

4.4 

64 

A 

a 

HQ 

4.9 

64 

A 

a 

HIT 

3.5 

64 

A 

a 

HH 

4.9 

64 

B 


HQ 

T.4 

10 

B 


HQ 

4.4 

27, 31 

B 


HU 

1.5 

9 

B 


HH 

4.4 

28 

B 

a 

HQ 

1.4 

14 

B 

a 

HQ 

4.4 

32 

B 

a 

11 IT 

1.4 

12 

B 


HH 

4.4 

32 

C 


HQ 

4.0 

6.5 

0 

a 

HQ 

4.0 

6.0 

D 


HQ 

4.4 

26 

D 

3 

HQ 

4.4 

26 

E 


IIQ 

3.7 

5.0 

E 

a 

HQ 

3.7 

5.0 

F 


HQ 

4.0 

4.0 

F 

.... 

HQ 

5.5 

4.0 


^ Copper added as copper sulfate, copper content of original samples was approximately 1.5 
p.p.m., making the total copper present approximately 4.5 p.p.m. * HQ = hydroquinone; 1111 = 
hydroxylamine hydrochloride. 


during the two washing operations. Failure to do this permitted small 
amounts of nitric acid to remain, the result of which was the development 
of a deep red color when the thiocyanate was added. These difficulties and 
the great amount of time and attention required by wet ashing were the 
reasons for adoption by the authors of the dry-ashing technique. This 
has been used throughout except where otherwise specified. 

In the investigation for determination of iron in milk and milk prod- 
ucts, both alpha, alpha'-dipyridyl and 1,10-phenanthroline were used. Low 
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results were obtained with alpha, alpha'-dipyridyl. Cereal Laboratory 
Methods (1941), unless the effect of the phosphate ions was eliminated 
by adding sulfuric acid and phosphoric acid, as prescribed by Moss and 
Mellon (1942). The effect of phosphate ion on 1,10-phenanthroline can 
be eliminated simply by heating the ash with five ml. of dilute hydro- 
chloric acid (1:1) to boiling when dissolving the ash. This is simpler than 
adding special reagents, so 1,10-phenanthroline was selected as the better 
of the two reagents for routine analysis. 


TABLE 3 

Effect of Buffer Solutions and Beduction of Hydrochloric Acid Content 
on pH of Final Test Solution 


Proportion of 
hydrochloric 
acid uned in tost 
to that added in 
an analysis 

pH of test Holiition using 
buffer solution 

A 

B 

C 

pet. 




0 

4.3 

4.7 

6.4 

20 

4.0 

4.5 

5.4 

40 

3.6 

4..3 

5.0 

60 

2.0 

4.1 

4.6 

80 

1.5 

3.9 

4.4 

100 

1.2 

3.5 

4.0 


Composition of Buffer Solutions A, B, and C 


Buffer 

Sodium 

acetate 

Acetic 

acid 

Water 


gm. 

nil. 

ml. 




Diluted 



24 

to 200 



10 

80 


jfiinQjQim 


80 


^ I’yenson and Tracy (1945). 


The effects of (1) the presence of copper which is frequently found in 
dried whole milk, (2) the use of hydroquinone or hydroxylamine hydro- 
chloride to reduce the iron to the ferrous state, and (3) the pH of the 
final test solution, on the determination of iron with 1,10-phenanthroline, 
were investigated in some detail. A solution of copper sulfate in water 
was added to several samples to provide an amount several times that 
normally found in dried whole milk. The results (Table 2) indicate that 
copper in the quantities indicated did not affect the results. Both a 2.5- 
per cent solution of hydroquinone and a 10-per cent solution of hydro- 
xylamine hydrochloride using two ml. of each appeared to be satisfactory 
(Table 2). 

The pll value of the test solution and means of regulating the pH were 
investigated. Cowling and Bene (1942) prescribe taking an aliquot of 
the sample- and titrating it with a sodium acetate solution to a specified 
pH to determine how much buffer to add. This may be necessary for the 
most precise control over pH and for the most accurate results. However, 
in routine analysis it is considerably more convenient to be able to add a 
fixed amount of buffer solution. This, of course, would allow the pH of 
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the final test solution to vary within some limits determined by the amount 
and composition of the buffer, the amount of alkaline ash, and the amount 
of hydrochloric acid volatilized when heating the acid solution to dissolve 
the ash and to eliminate the phosphate ion interference. It has been 
shown by Fortune and Mellon (1938) that if the pH is kept within the 
limits of 2 to 9 there should be little or no variation in the final results. 
The pH measurements of the final test solutions, when fixed amounts of 
different buffers (five ml.) are added to tests containing 0 to 100 per cent 
of the five ml. of dilute hydrochloric acid (1:1), are given (Table 3). 
In view of the above results. Buffer A was considered unsatisfactory. The 
effects of low pH on analyses are shown (Table 2). Either Buffer B or C 
would be satisfactory (Table 3), but Buffer C was selected because it 
provided a greater margin of safety should the specified amount of acid 
be exceeded and because the excess sodium acetate had no effect on the 
analysis. 


tabus: 4 

Comparison of Wet and Dry Ashmg Procedures on Canned Meats 


Sample 

1 Iron determined by 

Wet ash- 
thiocyanate 
method 

Dry Bsh- 
1,10-phenan- 
throline method 


p. p.m. 

p.p.m. 

Strained 



Reef 

28 

28 

Veal 

18 

16 

Lamb 

20 

23 

Pork 

14 

17 

Calf heart 

38 

36 

Beef liver 

72 

77 

Cubed 



Beef 

1 35 

35 

Veal 

10 

32 

Lamb 

17 

21 

Pork 

13 

15 

Calf heart 

38 

46 

Beef liver 

65 

67 


A comparison of analyses of meat by the dry ashing-l,10-phenanthroline 
method and by the wet ashing-thideyanate method (Table 4) shows that 
results obtained by the latter were lower. This is in accord with the an- 
alyses of whole and dried milk as shown (Table 1). 

The dependability of the dry ashing- 1,10 -phenanthroline method to 
account for a known amount of iron added to a sample was checked by 
analyzing some fats, oils, and meats with and without added iron. The 
results of these tests are tabulated (Table 5) and show that the iron added 
to the samples was accounted for in all cases. 

Results on some fresh meats (fat trimmed away) are tabulated (Table 
6). Series 1 and 2 were collected a week apart, eliminating the possibility 
of getting duplicate samples from the same animal. It is interesting to 
observe the constancy of the iron content of all specific cuts of beef, veal, 
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TABLE 6 

Analynes for Iron in FaU, OilSy and Meats With and Without Added Iron 


Sample 

iron found 
in original 
Kamplo 

Iron 
added to 
sample 

Total iron 
in sample 
calculated | 

Iron 

found by 
analysis 


p.p. m. 

p.p.m. 

p. p. m. 

p.p.m. 

Beef 

26.0 

10 

36.0 

34 

Lamb 

23.0 

10 

33.0 

34 

Pork 

13.0 

10 

23.0 

24 

Beef 

27.0 

10 

37.0 

38 

Lamb 

24.0 

10 

34.0 

33 

Pork 

16.0 

10 

26.0 

26 

Cottonseed oil 

O.f) 

10 

10.5 

10 

Soybean 

0.5 

10 

10.5 

10 

Peanut 

0.5 

10 

10.5 

10 

Lard 

1.0 

10 

11.0 

11 

Tallow 

3.0 

10 

13.0 

1 12 


TABTiE 6 

Analyses of Meats 


Iron (p.p. in.) in 


Sample 

Ix)in 

j Round 

1 Heart 

1 Liver 

1 

2 

1 


1 

2 

1 

1 

End 

Center 

Beef 

21 

27 

2*^ 

27 

48 

54 

56 

54 

54 

Veal 

16 

15 

17 

16 

46 

55 

180 

54 

54 

Lamb 

22 

22 

27 

24 

50 

46 

50 

103 

94 

Pork 

9 

7 

10 

16 

42 

44 

342 

210 

215 


TABLE 7 


Analyses of Meat Products 


Sample 

Iron in sample 

1 

2 


p.p.m. 

p. p. m. 

Frankfurters 

15.6 

13.8 

Cooked, canned pork 

17.2 

18.4 

Salami 

26.8 

24.5 

Bologna 

13.5 

25.9 

Meat loaf 

14.7 

21.9 

Liver sausage 

176.0 


Pork sausasre 

17.2 

14.0 




DETERMINATION OF IRON IN POODS AND POOD PRODUCTS 


235 


pork, and lamb, except in the case of liver. The cause of the wide variation 
in iron content of livers is outside the scope of this paper, but it does not 
lie in the method or sampling. The distribution of iron throughout the 
liver appears to be uniform since samples taken from the end and center 
differ by less than the probable experimental error. 

Analyses of some meat products are given (Table 7). 

The precision of the method as expressed by the standard deviation 
includes not only variables within the method but also those variables aris* 
ing from nonuniformity within the sample. Several determinations were 
made on single samples of hamburger, dried whole milk, and strained 
lamb, and the standard deviations were calculated (Table 8). There is no 
explanation of the two high iron results for the hamburger sample except 
perliaps contamination from some outside source. 


TABLE 8 


Determination of Standard Devmtion 


Iron found in 

Hamburger 

Strained lamb 

Dried whole milk 

p.p.m. 

p.p.rn. 

p. p. m. 

23.1 

23.5 

10.8 

23.8 

23.7 

10.2 

22.2 

24.9 

15.0 

33.S’ 

23.3 

15.6 

22.2 

24.1 

15.0 

28.4’ 

23.7 

14.8 

23.1 

23.1 

15.0 

22.8 

23.1 

15.0 

24.0 

24.1 

10.2 

22.4 

22.9 

10.2 

22.3 

23,1 

14.9 

24.4 

23.9 


Average 23,1 

23.0 

15.6 

Standard 



deviation ±0.sr) 

±0.55 

1 ±0.65 


' ValuoR omitted in calculating average and standard deviation. 


The iron may be determined by visual comparison of the color devel- 
oped in the test solution with those of standard iron solutions or by 
measuring the transmittance of the test solution at a selected wave length 
between 500 and 512 millimicrons and then reading the iron content from 
a concentration-transmittance-calibration graph. The latter procedure was 
employed in this study and is recommended since it is more accurate and 
the personal factors do not enter into the color reading. All spectrophoto- 
metric measurements were made with a Model 11 Coleman spectropho- 
tometer at wave length 503 millimicrons with the PC-4 filter using 19 x* 
150 mm. round cuvettes. The calibration curve used in our analyses is 
shown (Pig. 1). 
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METHOD 

Reagents: 

Hydrochloric acid solution (1 vol. HCl of sp. gr. 1.18, reagent quality 
and 1 vol. distilled water). 

Hydrochloric acid solution, dilute (1 vol. HCl of sp. gr. 1.18, reagent 
quality and 19 vol. distilled water). 



Fig. 1. Concentration-transmittanse-calibration graph for the determination of iron 
with l,10*phenanthroline. 

Hydroquinone solution, 2.5 gm. hydroquinone, 1 ml. of (1:1) HCl, 
and dilute to 100 ml. with distilled water. 

1,10-phenanthroline solution, 0.1 per cent in distilled water. 

Sodium acetate solution, 20 per cent by weight in distilled water. 

Standard Iron Solutions: (a) Standard iron solution; Dissolve 0.1000 
gm. pure iron wire in 10 ml. of 10 per cent sulfuric acid and 3 ml. nitric 
acid (sp. gr. 1.43) and dilute to 1 liter with distilled water in a volumetric 
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flask, (b) Diluted standard iron solution: Pipet 100 ml. of the standard 
iron solution into a 1-liter volumetric flask and dilute to mark with dilute 
IICl (1 vol. HCl and 19 vol. distilled water). 

PROCEDURE 

Ash five grams of sample (more when it contains less than five p.p.m. 
of iron) in a platinum dish in a muffle furnace. Raise the temperature 
slowly until the sample is completely charred. Then raise the temperature 
to 500° C. and maintain at 500 to 550°C. until the sample is a greyish 
white. This usually requires four to six hours, but no harm is done if 
the sample is allowed to remain in the muffle overnight. Add five ml. 
hydrochloric acid (1:1) to the ash, cover the dish with a watch glass, 
and heat just to boiling. Transfer the sample to a 50-ml. volumetric flask 
using distilled water to wash the last traces from the dish. Dilute to the 
mark with distilled water, mix thoroughly, and pipet 10 ml. into a cuvette 
used for the transmittance measurements. When the iron content is too 
high to be read from the calibration graph, take a smaller aliquot and 
dilute to 10 ml. Add two ml. of hydroquirione, 5 ml. of 1,10-phenanthro- 
liue solution, and five ml. of the 20 per cent sodium acetate solution. These 
three reagents are added with volumetric pipets and the solution is mixed 
thoroughly after each addition. 

A blank is run along with the sample to be sure that none of the 
reagents are contaminated and for a reference solution against which 
the transmittance of the sample is measured. The transmittance of the 
blank is usually about two per cent less than that of distilled water, but 
if it is five per cent less, new reagents are to be prepared. 

The transmittance of all solutions is measured at 503 millimicrons with 
the instrument adjusted to read 100 per cent transmittance for the blank. 
The iron content of the test solution is read from the concentration-trans- 
mittance-calibratioii graph and the iron content of the sample calculated. 

PREPARATION OF CONCENTRATION-TRANSMITTANCE- CALIBRATION GRAPH 

Pipet 0.0, 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 ml. of diluted standard iron 
solution (10 micrograms of iron per ml.) into a series of spectrophotometric 
cuvettes. Make up to 10 ml. with dilute hydrochloric acid solution (1:19) 
by adding the required amount frym a measuring (Mohr type) pipet. 
Follow the above described procedure beginning with the addition of the 
two ml. of hydroquinone. Plot the per cent transmittance of the solutions 
against the micrograms of iron added. 

SUMMARY 

A simple and accurate method is presented for the determination of 
iron in food products, such as milk, dried milk, meats, meat products, fats ^ 
and oils. This method involves dry ashing the sample and determining the 
iron colorimetrically with 1,10-phenanthroline. Phosphates and copper in 
quantities normally present in these products do not interfere with the 
determination of iron. For routine analysis, dry ashing at 500 to 550°C. 
proved superior to wet ashing. Tests indicate that Vycor can be used in 
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place of platinum if the ash is not so alkaline that it attacks the Vycor. 
Analyses are given for milk, dried whole milk, meats, meat products, fats, 
and oils. 
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EFFECT OF COMMERCIAL CURING, SMOKING, STORAGE, 
AND COOKING OPERATIONS UPON VITAMIN 
CONTENT OF PORK HAMS 

E. E. BIOE, J. F, BEUK, and J, P. FRIED 
Seaearch Laboratories, Swift 4" Company, Chicago, Illinois 


[Beceired for publication. May 11, 1946] 

Although there have been numerous reports on the extent to which 
vitamins are retained in meats during different methods of home cooking, 
there have been few published investigations of the effect of commercial 
curing and smoking processes. Since a large percentage of the pork con- 
sumed in this country is either cured or cured and smoked, information 
regarding the retention of vitamins during these operations is essential 
for a complete understanding of the possible losses during marketing and 
preparation of pork for consumption. 

Schweigert, Mclntire, and Elvehjem (1943) have published data indi- 
cating that during the curing and smoking of a single ham the retentions 
of thiamin, riboflavin, and niacin were 73, 92, and 84 per cent, respectively. 
Unfortunately, these percentages of retention were calculated on a basis 
of the residual solids (i.e., free of fat and moisture) of companion hams, 
one being sampled before and the other after curing and smoking. Such 
a basis for calculation did not take into account the presence of the 
considerable quantity of curing salts which must have appeared in the 
residual solids of the cured and smoked ham but not in the fresh ham. 
Revised calculations and additional data obtained by these workers, Schwei- 
gert, Mclntire, and Elvehjem (1944), indicated that the actual retentions 
during curing and smoking were 10 to 20 per cent higher than the earlier 
report, being 80 to 85 per cent for thiamin, 97 to 106 per cent for ribo- 
flavin, and 100 to 107 per cent for niacin. 

The series of experiments here reported has been conducted in such a 
manner that the retention of vitamins during each operation commonly 
carried out in the commercial processing of hams can be determined as 
well as the over-all retention after a series of such operations. The processes 
that have been investigated are coring, smoking, storage of smoked hams 
prior to sale, storage of cured hams in freezers with subsequent smoking, 
and the preparation of cooked hams. In addition, the effects of roasting 
fresh hams and smoked hams has been investigated in order to compare 
the over-all effect of curing-smoking-roasting to that of roasting fresh ham. 
These studies were conducted in three series as described below. 

EXPERIMENTAL PROCEDURE 

Experiment 1: Eighteen pairs of companion hams, U. S. Good in qual- 
ity, were obtained directly from the pork -processing factory, weighed, 
numbered, and divided into sets of right and left hams. Slices two inches 
in thickness were cut from the center of each of the left hams. Each slice 
was trimmed free of visible fat and bone, ground, frozen, and stored at 
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— 29°C.( — 20°F.) until needed for comparison with corresponding slices 
from the respective processed companion hams. The right hams were 
carried through the plant operations (discussed later) in the regular 
production line by skilled factory employees. 

In accordance with general curing practice of the industry, all of 
the right hams were pumped with sweet-pickle brine, ^ packed in tierces 
with other hams, and stored under cover pickle^ at 2°C.(35°F.) for two 
weeks. At the end of this period the hams were removed from cure, 
weighed, and treated as follows: 

Two hams were taken immediately for analysis to show the effect of the curing 
operations. 

Six hams were smoflked with other hams undergoing the regular smoking treatment. 
This process involved the application of sufficient dry heat over a period of several hours 
to raise the internal temperature to 58®C.(137”P.) or over. After smoking, the hams 
were chilled for 24 hours in the smoked-ham cooler. Then two were taken for analysis 
to show the effects of curing and smoking. The others were stored for 10 days (two 
hams) and 30 days (two hams) at 2 to 3“C.(35 to 38°F.) before analysis. These con- 
ditions were selected as representing average and maximal storages for this typo of 
ham under conditions which prevail in the coolers of many meat retailers. 

Six hams were sharp frozen in brine and stored at approximately — 12°C.(10°r.) for 
four months. The hams were then thawed and two were taken for analysis to determine 
the effect of curing and frozen storage. The remaining four were smoked and then 
chilled for 24 hours. Two were taken for analysis and the other two were stored at 
2 to 3°C.(35 to 38°r.) for 10 days before sampling. 

Pour hams were boned-out, given a light smoke, pressed into metal forms, and then 
cooked in vats along with other ready-to-serve hams. Two of the cooked hams were 
sampled after being chilled and the other two after 10 days^ storage at 2 to 3®C. 
(35 to 38”^). 

The data collected in this experiment are presented (Tables 1 and 2). 

Experiment 2: This experiment was undertaken to confirm and to ex- 
tend Experiment 1 and was conducted similarly except that the whole haras 
rather than only center slices were used in this study. Three pairs of 
hams were studied, one pair being used to determine the losses in curing 
and smoking and the other two for determining the losses incurred in 
preparing ready-to-eat hams. The processing schedule for the smoked ham 
was the same as indicated above. The ready-to-eat hams were cured and 
smoked in a similar manner and then held at gradually increasing tem- 
peratures [up to 71°C.(160°F.)] in ovens with controlled humidity for 
at least 30 hours. 

Experiment 3: To determine the loss of vitamins during the roasting 
of fresh and cured hams, four pairs of companion hams were used. Each 
of the left hams was skinned, boned, weighed, ground and mixed thor- 
oughly, then frozen and stored at — 29®C.( — 20°F.) until the paired ham 
was ready for analysis. Two of the right hams were cooked as fresh hams 
in the Research Laboratory kitchen to an internal temperature of 85° C. 
(185°F.), then sampled for analysis. The other two were cured and 
smoked in the factory, cooked as smoked hams to an internal temperature 
of 74°C.(165°F.), and then sampled. These temperatures are the ones 
to which fresh and smoked# hams are customarily cooked (Committee on 

^ Containing salt, sugar, nitrate, and nitrite in proportions conforming to U. S. De- 
partment of Agriculture, Bureau of Animal Industry regulations. 



TABLE 1 

Vitamin Content of Frenh and Processed Hams 
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Preparation Factors, 1942). It is to be noted that smoked hams require 
less cooking than the fresh products owing to previous heat treatments of 
the former. 

Analytical Methods: In each case samples of the raw hams were frozen 
and stored at — 29° C. until the corresponding processed sample was ready 
for assay. This eliminated variations in analytical conditions. 

Samples were prepared for analysis as described by Rice, Beuk, Daly, 
and Robinson (1945). Thiamin analyses were made by the thiochrome 
procedure (Method 3) of Hennessy and Cerecedo (1939). Riboflavin and 
niacin were determined microbiologically upon enzyme-digested aliquots 
of the sample, Cheldelin, Eppright, Snell, and Guirard (1942). In addi- 
tion, the riboflavin values in Experiment 2 were checked by fluorometric 
analyses, according to Peterson, Brady, and Shaw (1943). The cooking of 
meat frequently causes it to show a slight increase in riboflavin. Whether 
this indicates incomplete extraction from the raw samples or conversion 
of some precursor to riboflavin during cooking is unknown, although many 
investigators have observed and studied the phenomenon. Increases of 
this type have not been observed with other vitamins. Hence, small 
changes in riboflavin values are not as significant as equal changes of 
thiamin or niacin. The vitamin values shown (Table 1) are averages of 
duplicate assays differing by no more than 10 per cent. 

The vitamin content per gram of protein has been used as the basis 
for calculating the retention of the vitamins in Experiment 2 (Table 2). 
This method of calculation eliminates any need for consideration of the 
changes in weight which the samples undergo since only negligible amounts 
of nitrogen are lost during processing. In Experiment 2 the method of 
‘‘totals” was also used in calculating vitamin retention. In this type of 
calculation the vitamin content per gram of the control sample was deter- 
mined and assumed to be the initial potency of the paired, processed ham. 
Multiplication of the potency by the initial weight of the experimental 
ham then gave the total initial vitamin content. After processing, the 
vitamin potency was again determined, multiplied by the processed weight, 
and the total final vitamin content was compared with the initial content. 
The method of totals was also used in Experiment 3. 

DISCUSSION 

On the whole, there is an excellent retention of the vitamins during 
the curing of hams, there being only one to five per cent losses (Table 2). 
These losses are at least partially due to leaching of the vitamins into the 
curing pickle, as is indicated by the presence of small amounts of the 
vitamins in the pickle. Even when the hams are smoked, there are but 
slight losses, the greatest being 15 to 20 per cent of the thiamin. Storage 
of smoked cured hams up to 30 days at 3°C.(38°P.) had no detectable 
effect upon vitamin content. 

The hams which had been cured, frozen, and stored at — 12°C.(10°P.) 
for four months lost some niacin (15 to 20 per cent), but no thiamin or 
riboflavin. Upon subsequcht smoking or storage after smoking, however, 
thiamin was not retained as well as in hams that had not been frozen. 

Cooking of hams either ready-to-serve (smoke plus dry heat) or to a 
boiled stage (smoke plus water cook) naturally resulted in greater losses 



Retention of Vitamins During Processing and Cooking of Hams 




244 


E. E. RICE, J. P. BEUK, AND J. F. FRIED 


of vitamins than the curing and smoking operations. The greater losses 
of riboflavin and niacin in the boiled hams (Samples 2 and 4) may well 
be accounted for by leaching of these vitamins into the water in which 
the hams were cooked, even though most of the meat was covered with 
tight-fitting forms which tended to minimize contact of the meat with 
water. 

The retentions listed (Table 2) are based on micrograms of vitamins 
per gram of protein and thus may be one to two per cent high, since this 
fraction of the nitrogen of the hams was found in the curing pickle. In 
Experiment 2 the values based on micrograms of vitamin per gram of 
protein agree closely with those calculated from the total vitamin contents 
of the raw and processed hams. The two sets of values for the three sam- 
ples, on nitrogen and totals basis, are, respectively: for thiamin 85 and 
82, 65 and 67, 511 and 53; for riboflavin, 103 and 99, 110 and 112, 100 
and 100 ; and for niacin, 89 and 86, 82 and 84, 81 and 81. 

As pointed out by Schweigert, McTiitire, and Elvehjem (1944) reten- 
tions calculated from the total vitamin content of a raw sample and that 
of a carefully paired sample after processing do not include errors owing 
to losses of nitrogen during processing. However, unless the samples are 
exactly paired with respect to both weight and composition (protein, fat, 
moisture, vitamins), errors of equal or greater magnitude may be intro- 
dii(‘.ed. The method of calculation must, therefore, be carefully considered 
ill all work involving paired samples. 

Averages of the retentions for the cured hams (including the stored 
samples since there was no detectable loss during the storage period) are 
in the same range as those reported on a nitrogen basis by Schweigert 
ct al. (1944), their values being 85, 104, and 106 per cent for thiamin, 
riboflavin, and niacin, respectively, as compared wdth averages of 85, 93, 
and 90 per cent (Table 2). 

In so far as conservation of nutri(*nts is concerned it would seem that 
the curing and smoking of hams might entail unnecessary losses of nutri- 
ents. Actuall 3 % howTver, the effect of these two operations is such that 
smoked cured hams require a less severe home-cooking schedule, thereby 
compensating for losses of vitamins occurring during commercial process- 
ing. This was demonstrated in Experiment 3, in which the vitamin content 
of cooked raw hams w^as compared with that of cooked smoked hams, each 
being cooked according to the schedules recommended for the two types 
of meat. The retentions of thiamin and niacin in the cooked smoked hams 
were greater than those of cooked fresh hams, but the riboflavin retentions 
were higher for the latter type. In view of the uncertainties in riboflavin 
analyses of cooked meats, it is doubtful if the differences found for that 
vitamin are significant. Likewise, the slightly larger thiamin retention in 
the cooked smoked hams might be due to experimental variation. 

SUMMARY 

Several experiments involving a total of 50 hams have been conducted 
to determine the effects of curing, smoking, cooking, and storage upon the 
thiamin, riboflavin, and niacin contents of hams. 
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Losses during sweet-pickle curing are negligible. During curing and 
smoking only eight to 15 per cent of the vitamins are lost, but production 
of either ready-to-eat or boiled hams involves greater losses — up to 30 to 
40 per cent of the thiamin and 20 to 30 per cent of the niacin. Freezing 
and freezer storage do not greatly reduce vitamin content but do predis- 
pose to greater losses during subsequent smoking operations. 

The curing and smoking of hams condition the meat so that less severe 
cooking conditions are needed than for fresh hams, thereby reducing 
losses during home cooking. Consequently a cooked, cured, and smoked 
ham retains as much of its initial vitamin content as a cooked fresh ham. 
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The use of nonfat dry-milk solids in the bread-baking industry has be- 
come very important during the past 15 years. The importance of this 
product to the baking industry has been largely brought about by improve- 
ments in the manufacturing process of milk solids. It was found necessary 
to preheat the separated milk to control water absorption of the dough and 
to produce maximum loaf volume. There are no published routine methods 
for estimating baking quality of dry milk except those involving experi- 
mental baking or other somewhat laborious dough-testing methods. The 
object of this investigation was to find a rapid method for determining the 
baking quality of nonfat dry-milk solids. 

The turbidity method described in this paper is based on the longer 
procedure of Harland and Ashworth (1945) involving the use of sodium 
chloride and hydrochloric acid for the quantitative estimation of the whey 
proteins of separated milk. Hawk and Bergeim (1937) described a method 
for the quantitative determination of albumin in urine based on the tur- 
bidity of the albumin following treatment with sulfosalicylic acid. Zeleny 
(1941) developed a simple method for the turbidimetric estimation of 
gluten in wheat flour. 

DEVELOPMENT OF METHOD 

Procedure: One gram of nonfat dry-milk solids, four grams of sodium 
chloride,® and 10 ml. of water are shaken vigorously for approximately 40 
seconds in a stoppered test tube. The tube is immersed in a water bath 
maintained at approximately 40®C.(104°F.) for a period of 20 to 30 
minutes. Without further agitation, except that necessary to permit 
pouring, the precipitated casein is filtered off on a nine-cm. S. and S. 
No. 604 paper (Whatman paper Nos. 1 and 2 are also satisfactory.) A 
one-ml. aliquot of the clear filtrate is diluted in an Evelyn tube with nine 
ml. of saturated sodium chloride solution. Duplicate dilutions may be 
made. The sample is placed in the ijvelyn colorimeter fitted with a 420- 
millimicron filter and the instrument adjusted to read 100 per cent trans- 
mittance. After removing the tube, the center reading is recorded. Two 
drops of 10 per cent hydrochloric acid are added to the tube, and after 

^ Scientific Paper No. 678, College of Agriculture and Agricultural Experiment Sta- 
tions, State College of Washington. 

‘American Dry Milk Institute Research Grant in co-operation with the Washington 
State Dairy Products Commission. 

*A good-quality cheese salt was found to be satisfactory. 
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mixing three or four times during a period of 10 minutes, the tube is 
returned to the colorimeter (which has been set at the recorded center 
reading) and the per cent transmittance of the turbid solution is deter- 
mined. The milligrams of whey protein per milliliter of the filtrate may be 
obtained from a calibration curve or table. This value multiplied by the 
factor 12.0 gives the whey protein N per gram of nonfat dry-milk solids. 
The factor 12.0 is the result of determining the volume of filtrate equiva- 
lent to the milk solids both volumetrically and gravimetrically. When 
10 ml. of fresh separated milk are used in place of the milk solids and 
water, a factor of 1.11 is used to convert to mg. N per ml. of milk. 


TABLE 1 

Preparation of Standard Whrjfs From Separated Milk 


Ileut treatment of milk 

Non- 
rasein N 

Non- 

protein N 

Whey 
protein N 


mg. /ml. 

mg. /ml. 

mg. /ml. 

None 

l.Olil 

.271 

.744 

Held at 75”0.(ir)7°F.) for 20 min 

0.5.^)0 

.274 

.276 

Held at 95°C. (203'‘P.) for 5 min 

0.351 

.276 

.076 


Calibration Curve: Fresh separated milk was used for the standardi- 
zation of this method. The casein-free filtrates were prepared and N deter- 
minations (Table 1) were made according to the method of llarland and 
Ashworth (1945). The filtrate was diluted 1-10 with saturated sodium 
chloride solution and suitable aliquots were transferred to the Evelyn 
tubes for making up to the 10-ml. volume for development of turbidity. 
In order to investigate the possibility of the more heat-stable fractions of 
the whey proteins having a different turbidity per unit of N, fresh sep- 
arated milk was heat-treated at 75°(/.(167°F.) for 20 minutes and a second 
sample at 95°C. (20irF.) for five minutes. Suitable dilutions were made 
and the turbidities produced by the whey from heated milk were found 
to fall on the same standardization curve (Fig. 1) as produced by the 
unheated milk. The 420-millimicron filter was selected for this determina- 
tion since it gave a lower per cent transmittance for the turbid solution 
than other available filters having wave lengths up to 660 millimicrons. 

Development and Stability of Turbidity : A large sample of the sodium 
chloride-milk filtrate was prepared for this study. It was soon discovered 
that frequent shaking of the mixture following the addition of the hydro- 
chloric acid gave much better results than agitation only at the beginning 
and the end of the time allowed for precipitation of the whey proteins. Not 
more than 10 minutes were required for the development of maximum 
turbidity in each of four samples of nonfat dry-milk solids having variable 
whey protein content. The turbidity was found to remain constant for 
at least 40 minutes following agitation. 

Effect of Casein PrecApiiation Procedure: The effect of time and tem- 
perature of sodium chloride precipitation of casein from the milk on the 
turbidity produced by the whey proteins is shown (Table 2). Since 20 
minutes hf standing was found to be about the minimum for rapid filtra- 
tion, that time was used except in the one case when the mixture was 
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allowed to stand for 16 hours at room temperature. A temperature of 
40° C. was chosen as the best of the series since at this temperature the 
non-casein filtrate was clear, the filtration was rather rapid, and the 
change of the amount of whey protein with temperature was small, be- 
tween 35 and 45°C.(95 and 113°F.). 



Fi(i. 1. Standard curve. 


Reproducibility : The reproducibility of the method was found to be 
satisfactory; for example, a series of six replicate determinations made 
together showed a maximum deviation from the mean of about three per 
cent. The variation was no greater for a series of five aliquots analyzed 
on different days. 


Effect of Time and Temperature of Precipitation of Casein on Turbidity of 
Precipitated Whey Proteins 


Temperature 

Time 

Whey protein N per gram 
of milk solids 

“0. 

min. 

mg. 

21 

16 (hr.) 

3.95 

21 

20 

4.47 

35 

20 

3.77 

40 

20 

3.75 

45 

20 


50 

20 


55 

20 


60 

20 
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APPLICATION OP METHOD 

The whey protein N was determined for 18 good and 18 poor baking 
samples ; the latter included 17 samples of nonfat dry-milk solids and one 
sample of fresh skim milk (Table 3). The good baking samples are 
arranged in order of their decreasing whey protein content and the poor 
baking samples in order of their increasing whey protein content. 

TABLE 3 


Eelation of Whey Protein Content to Baking Quality of 
Nonfat Dry-Milk Solids 


Good baking^ quality j 

Poor baking quality 


Whey 


Whey 

Sample No. 

protein N | 

Sample No. 

protein N 


per in*am 


per gram 


mg. 


mg. 

122 

0 lf> 

105 

0.99 

8 

2 07 

119 

1.13 

110 

1 89 

116 

1.24 

121 

1 40 

104 

1.86 

Ill 

1.27 

24 

1.86 

3 

1 24 

101 

1.97 

10 

1.14 

30 

2.05 

23 

1.12 

115 

2.33 

12 

1.07 

108 

2.38 

17 

1.07 

114 

3.10 

126 

0.99 

117 

3.35 

21 

0.99 

112 

3.63 

28 

0.88 

106 

3.68 

5 

0.86 

113 

3.68 

129 

0.83 

135 

4.40 

132 

0.80 

! 136 

6.43 

2 

0.80 

1 134 

6.59 

103 

0.67 

Fresh skim 

7.65 






DISCUSSION 

The turbidimetric method described in this paper for the estimation 
of whey proteins in fresh separated milk as well as nonfat dry-milk solids 
is reasonably accurate, rapid, and requires very little equipment in addi- 
tion to a colorimeter. The results obtained by this method were not com- 
pared with other generally accepted methods for whey proteins since it is 
based on a new procedure described by Harland and Ashworth (1945). 
The latter paper compares the use of sodium chloride and hydrochloric 
acid with a generally accepted method for the quantitative estimation of 
whey proteins. 

The baking quality of the milk samples was determined by commercial 
laboratories although in most cases their results were confirmed by baking 
tests in our own laboratory. The chief criteria of quality are water absorp- 
tion of the dough and loaf volume. The usual level of nonfat milk solids 
for testing is six to eight per cent of the weight of the flour. By assuming 
all Minples of nonfat dry-milk solids having 1.41 or more milligrams of 
whey protein N per gram to be of poor baking quality, the method would 
have been a reliable m^ans of predicting the baking quality of 29 out of 
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a total of 35 samples (Table 3). There would necessarily be borderline 
cases in any such a test as there is no means of making a sharp differenti- 
ation between good and poor baking, nonfat, dry-milk solids. The results 
show that all samples having over 2.2 mg. of whey protein per gram are 
of poor baking quality. Several replicate bakes were made on Samples 
105, 119, 122, and 110, Although the absorption was good on Samples 105 
and 119, the dough was somewhat sticky from the mixer and the loaf 
volumes were below normal. The absorption was slightly below normal for 
Samples 122 and 110 but otherwise the baking quality was satisfactory. 

The data (Table 3) show that Samples 134 and 136 have had very little 
heat treatment as the whey protein N for these samples is 84 to 85 per 
cent of that present in the equivalent amount of solids of fresh skim milk. 

SUMMARY 

A turbidimetric method for whey proteins in milk is described. The 
method involves the sodium chloride precipitation of the casein and acidi- 
fication of the diluted filtrate to produce the turbidity. The latter is 
measured by determining the per cent transmittance of the turbid sus- 
pension of whey proteins. 

Since the method is relatively simple, accurate, and rapid, it is adapted 
to routine determinations of whey proteins in milk. By selecting an arbi- 
trary value for whey proteins as a reference point, 29 out of a total of 
35 samples of good and poor baking, nonfat, dry-milk solids could be 
properly classified. 


REFERENCES 

Harland, H. a., and Ashworth, U. S., 1945. The preparation and effect of heat treat- 
ment on the whey proteins of milk. J. Dairy Sci. 28, 879-886. 

Hawk, P. B., and Berobim, O., 1937. Practical Physiological Chemistry. Eleventh ed., 
745-746. P. Blakiston’s Son and Company, Inc., Philadelphia, Pa. 

Zelenv, Lt., 1941. A simple photometric method for protein content of wheat flour. 
Cereal Chem. 18, 86-92. 




STABILITY OP ASCORBIC ACID IN VARIOUS CARRIERS 


SADIE BBENNEE, MAJOR VIRGIL 0. WODICKA, Am 
CAPTAIN STUART G. DUNLOP 

Quartermaster Food and Container Institute for the Armed Forces,^ 

Chicago Quartermaster Depot, Chicago, Illinois 

[Received for publication, May 13, 1946] 

On freely selected diets containing an ample supply of fresh fruits and 
vegetables, the attainment of the daily ascorbic acid requirement is a rela- 
tively simple matter. Should the economic status of an individual limit 
the purchase of fresh fruits and vegetables, the diet would probably still 
furnish adequate ascorbic acid in the form of potatoes and cabbage, ‘‘the 
poor man^s food.’* When one turns to military rations, however, the 
problem of obtaining even small quantities of ascorbic acid is not as easily 
solved as that of the poor man. The military characteristics of operational 
rations, such as the C, K, and 10-in-l, permit the selection of only a rela- 
tively narrow range of food products. Most of these are deficient in ascorbic 
acid, and the remainder tend to undergo severe losses on long storage in 
unfavorable climates such as may be expected in global warfare. Consid- 
erable effort, therefore, has been devoted to a search for a variety of stable 
carriers, both natural and synthetic, to supply the daily intake of ascorbic 
acid as well as to meet other military requirements. 

In the early work, fortification experiments were limited to those com- 
ponents which appeared to be natural carriers of ascorbic acid, such as 
fruit-juice beverages and fruit-flavored hard candy. Since very few such 
stable carriers could be found, it was necessary to provide a large pro- 
portion of the daily ascorbic acid requirement in each source. As more 
information on the likes and dislikes of Army personnel became available, 
fortification work spread to unnatural carriers (i.e., cOcoa and coffee 
beverage, etc.) with the result that a greater number of stable carriers 
became available. It was thus possible to decrease the amount of ascorbic 
acid added to each carrier. The intention was to employ three or four 
ration items to furnish the daily ascorbic acid requirement, thus eliminat- 
ing the possibility that the soldier would get no ascorbic acid owing to 
the dislike of a single fortified item. 

EXPERIMENTAL PROCEDURE 

The method used in setting up the stability tests was, in general, simi- 
lar for all commodities studied.^ Vitamin fortification was added at an 
appropriate stage of processing to samples prepared in accordance with 
the commercial practices which were ordinarily employed in the manu- 
facture of such items. When the fortified product was received, a large 
number of samples were assayed to determine the distribution of ascorbic 

^Formerly Quartermaster Corps Subsistence Research and Development Laboratory. 

’This plan as outlined was folloi#d as closely as possible for every item studied.'* 
During the early history of the laboratory, a few exceptions occurred owing to the non- 
availability of sufficient samples and lack of incubator space. 
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Retention of Ascorbic Add in Carriers Studied 
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Chocolate 

Starch- jelly confection 

Jelly beans, pan coated 

3. Sugar, granulated 

Discs 

Bulk 

Gum 

Stick 

Candy-coated 

As. acid in center 

As. acid in center 1 

As. acid in coating 

Jams and jellies 

Orange jelly, 4^-oz. can 

Grape jelly, 1^-oz. can 

Assorted jams, 1%-oz. can 

Jams, 11-oz. can, assorted 

Assorted jams in aluminum 

tubes, 1%-oz 

Jams in guava 

Jams without g^uava 

Cereal and baked products 

Bulk premixed cereal 

Disc premixed cereal 

Fruit cake 

Cereal fruit bar 

Sandwich cookies, Tvpe 1 

Sandwich cookies. Type 2 

Miscellaneous products 

Fruit bar 

Gelatin 

Cheese spread with ham and 

relish 

— m — — 


— room temperature. * Indicates that these experiments have been completed and no further data will be forthcoming. Blank spaces indicate tliat these 
experiments are in prom-ess and further data will be forthcoming. * Ninety percent lost on baking. 
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acid from unit to unit and also to establish a representative initial value. 
The fortified samples and similar unfortified samples were then packaged 
in a manner identical to or closely resembling that in which they appeared 
in the rations along with the other ration items. The packaged samples in 
ration containers were then divided to be stored at room temperature and 
37.8°C.(100°F.), humidity not controlled. In some instances other storage 
temperatures, such as — 19.4, 1.7, 43.3, 48.9, and 55° C. ( — 3, 35, 110, 120, 
and 131°F.), were used in addition to the room temperature and 100°F. 
storage temperature. At frequent time intervals, ranging from fortnightly 
to monthly and bimonthly, samples were removed from each storage tem- 
perature, assayed for ascorbic acid and examined for changes in palata- 
bility and moisture content. The number of samples removed from each 
storage temperature at each time interval was determined by the extent 
of the range of the initial ascorbic acid content in a particular product 
and usually was from one to five. The procedure for determining reduced 
ascorbic acid was essentially the photometric dye-reduction method as 
modified by Loeffler and Ponting (1942). Assays for dehydro and total 
ascorbic acid content of many items were made frequently but not as 
regularly as the assays for reduced ascorbic acid. Both the phenylhydra- 
zine, Koe and Oesterling (1944), and HgS, Bessey (1938), methods were 
used for the dehydro and total ascorbic acid. 

The accumulated periodic results were then used to ascertain the per- 
centage retention of ascorbic acid at the different storage temperatures. 
These calculations were based upon the amount of ascorbic acid which was 
found in the product in the initial analyses. The difference between the 
initial value and the actual amount put into the product represented the 
processing loss. In dry products there were no demonstrable processing 
losses. For other carriers the processing losses could not always be cal- 
culated because the actual amount put in by the producer was not known. 
Oftentimes too, when few samples were available, it was difficult to decide 
whether a discrepancy between the initial assay and theoretical value 
constituted a processing loss or was due to poor distribution. It is for 
this reason that processing losses are not discussed in this paper. If a 
carrier retained from 75 to 80 per cent of the added ascorbic acid after 
six months' storage at 100° F., it was considered a stable carrier. This 
criterion was chosen to represent actual field storage times and tem- 
peratures, particularly in the Pacific Ocean areas. Although actual field 
storage temperatures are somewhat lower in almost all cases, the storage 
times are normally longer, and the test conditions accordingly are a some- 
what accelerated representation. Since many foods undergo deteriorative 
changes above 100°F. which do not take place at an appreciable rate at 
lower temperatures, it was felt that a greater degree of acceleration in the 
test was not warranted. 

RESULTS AND DISCUSSION 

The types of products investigated were beverages and beverage bases ; 
candy and confections, including gum; jams and jellies; cereals and 
baked products ; gelatin ; and meat and dairy products. Under each group 
of materials named above, many variations and modifications were tried 
(as can be seen in Table 1)^. A summary is given (Table 1) of the average 
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percentage retention of ascorbic acid in the various carriers after storage 
at room temperature and lOO^F. for three, six, and 12 months, respectively. 
The 12-months^ retention was not determined in all products. Information 
on moisture content and fortification are also shown (Table 1) ; the com- 
parative stability of the various carriers is illustrated (Figs. 1, 2, 3, and 4). 
These plots are shown on semi-logarithmic co-ordinates, which will give 
linear relationships for first-order reactions. The slope of the line of best 
fit is a convenient expression of the reaction rate. 

BEVERAGES AND BEVERAGE BASES 

The carriers studied under this group were synthetic fruit- juice pow- 
ders, natural dehydrated orange juice, canned orange and apple juice, 
and a liquid orange-juice beverage base which was a combination of a 
natural source and added synthetic ingredients. While the natural orange- 
juice powder and canned orange juice were not fortified, the synthetic 
citrus powders were fortified with approximately 60 mg. of ascorbic acid 
per seven-gram package and the grape powder with approximately 50 mg. 
per seven-gram package. The apple juice was fortified at the rate of 35 
mg. per 100 c.c. of juice and the liquid beverage base had enough ascorbic 
acid added to furnish 80 mg. of ascorbic acid in an eight-ounce serving of 
the finished drink. A comparison of the stability of ascorbic acid in these 
carriers (Fig. 1) indicates that while the ascorbic acid in all synthetic 
powders had excellent stability, that in the natural sources and liquid 
beverage base was not as good. The natural dehydrated sources and canned 
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MONTHS STORAGE AT 100® R 


Fio. 1. Per cent retention of ascorbic acid in beverages and beverage bases on storage. 

I. Synthetic sources — fruit, coffee, end cocoa powder. 

II. Canned orange juice and some orange powders, II. 

III. Other orange powders, I. 

IV. Liquid beverage base. 
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juices in turn showed better stability than the added ascorbic acid in the 
liquid orange-beverage base. The stability of the ascorbic acid in the 
natural dehydrated sources also varied greatly, depending upon the type 
of processing used in the preparation. The discrepancies between the 
stability of ascorbic acid in the synthetic powders and natural dehydrated 
sources are difiBcult to explain on the basis of known factors affecting the 
stability of ascorbic acid such as pH, oxygen, and moisture content. Both 
types of products were acid and of the same moisture content. The only 
apparent differences between the natural dehydrated sources and the syn- 
thetic powders were the added dextrose and citric acid present in the 
latter, and the fact that the natural juice component of the synthetic 
powder was mixed with high-dextrin corn syrup before drying. These 
two substances may be concerned with stabilizing the ascorbic acid. 

The palatability of these items seemed to be related to the vitamin 
stability. The liquid beverage base developed a terpene odor and flavor, 
darkened, and made a very poor drink. The natural products tested also 
developed undesirable bitterness. The synthetic powders were quite pala- 
table if served cold, and even at the end of one year’s storage, although 
there was slight weakening in the characteristic flavor, the beverages 
made from them were satisfactory. Investigations were also made on the 
stability of ascorbic acid added to other ration beverages, such as soluble 
coffee product and cocoa beverage powder. Retentions of 80 t» 90 per cent 
were obtained after six months’ storage at 100° P. The bulk form (that 
packed in 1^4-ounce bags) of cocoa beverage powder retained approxi- 
mately 20 per cent more of the added ascorbic acid than did the cocoa 
powder compressed as a two-ounce disc and wrapped in cellophane at 
the end of this time. The preparation of beverage powders, as either the 
hot or cold beverage, did not result in appreciable ascorbic acid losses. 

CANDY AND CONFECTIONS 

This group included several flavors of hard candy with citric acid and 
one flavor (butterscotch) without citric acid; hard- and soft-pressed sugar 
lozenges; and the softer confections, such as chocolate, caramel, and 
starch-jelly candy. In general, the stability of added ascorbic acid in 
these products was related to the type of structure into which the ascorbic 
acid was incorporated as well as the acidity and moisture content of the 
carrier. Those carriers which presented a hard impenetrable surface both 
to oxygen and moisture because of their closely knit structures suffered 
the least losses in ascorbic acid. The degree to which the external and 
internal surfaces of other carriers afforded protection against moisture 
and oxygen was a determining factor in the stability of the added ascorbic 
acid. The moisture content was important not only because of its adverse 
effect on the stability of ascorbic acid but also because of its influence on 
the structure of the carrier. The beneficial effect of a more acid carrier, 
on the other hand, was not its relation to the structure, but its abilitv 
to retard destructive changes of ascorbic acid in the presence of oxygen 
and moisture. 
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Fig. 2. I’cr cent retention of ascor])ic acid in candy and confections on storage. 

T. Hard candy containinir citric acid. 

H. Other hard candy. 

III. Soft candy, chocolate, .starch jelly confection, lozenges, etc. 

IV. (Jum. 

hi line with the above statements, liarcl candy having a solid crystal 
structure retained 90 to 100 per cent of the added ascorbic acid for at 
least a year. Ascorbic acid in hard-i)ressed mints and candy wafers was 
more stable than in soft mint lozenges, as shown by their respective reten- 
tions of 85 and 40 per cent at the end of six months’ storage at 100° F. 
Ijcmo II -flavored pressed mints were better carriers than peppermint-fla- 
vored ones, the only differences, other than flavoring oils, between the 
two flavors being the acidity. Other soft candy proved to be as poor a 
medium for ascorbic acid as soft-pressed mints, as would be expected from 
the large amount of internal and external surface exposed to moisture and 
oxygen. Jelly beans, which were made of the same base as the starch-jelly 
confection, had much better stability (95 j)er cent retention, three months’ 
storage at 100°F.) than the starch-jelly confection (30 per cent retention, 
three months’ storage at 100°F.) because of the protection afforded the 
ascorbic acid by the thin, hard, exterior coating. Ascorbic acid added 
to granulated sugar was retained somewhat better in the bulk form than 
in the disc form, but both types of sugar were good carriers as judged 
by the criterion of 75 to 80 per cent retention following six months’ storage 
at 100°F. 

The palatability and acceptability of these candies as a whole was good. 
Although graining occurred in some of the hard candies and bloom devel- 
oped on the surface of the chocolate bars at 100°F. storage temperature, 
these products remained satisfactory. The two-ounce starch-jelly confec- 
tion bar hardened somewhat but also had good acceptance. The jelly beans 
retained their individual shape and showed no deterioration. In all candy 
containing citrus oils, a slight terpene flavor was evident after storage, 
but this did not detract seriously from the desirability of these products. 
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Qum: Several varieties of stick and candy-coated gum were tested in 
this category. Stick gum was one of the poorest carriers yet tested, regard- 
less of its flavor. Candy-coated gum, with the ascorbic acid incorporated 
into the gum center at 25 mg. per tablet, showed better retention of 
ascorbic acid than the stick form; and the thicker the coating the better 
the retention, provided the coating did not crack. The incorporation of 
the ascorbic acid into the candy coating itself did not improve the stability 
of the ascorbic acid as evidenced by the poor retention after three months’ 
storage at 100® F. (Table 1). The results obtained thus far on gum seem 
to point to the abandonment of this product as a carrier for ascorbic acid, 
not only from the standpoint of poor stability but also because of the 
poor quality of gum which results from the added acid. 

JAMS AND JELLIES 

Extensive studies on jams and jellies include data on approximately 
30 varieties. Various levels of fortifications were studied along with the 
substitution of guava proportions for 10 per cent of the weight of the 
fruit for the express purpose of determining the effect of guava on 
stability of the added ascorbic acid. Although some varieties showed 
better retention of ascorbic acid at the various time intervals than others, 
no single jam retained sufficient ascorbic acid to be labeled a stable carrier. 



MONTHS STORAGE AT 100 F. 

Fig. 3. Per cent retention of ascorbic acid in jams on storage. 

At the end of three months’ storage at 100® F., from 50 to 65 per cent 
of the added ascorbic acid activity had disappeared and only about 20 
per cent remained at the end of six months. The addition of guava in the 
form of guava concentrate or guava puree did not improve the retention 
of ascorbic acid outside the range of experimental error permitted for 
the assay methods (Table ^2). 
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TABLE 2 


Effect of Guava Addition on Beteniion of 
Ascorbic Acid in Jams 



1 Retention 

Storage time 

With 

Without 


ffuaTa 

guara 


pet. 

pet. 

1 mo., 100 “F. 

81 

71 

3 mo., lOO’F 

47 

40 

6 mo.. 100*P. 

20 

17 


Despite the fact that jams and jellies theoretically might appear to be 
excellent carriers of ascorbic acid because of their low pH and protection 
from oxygen, the destruction of added ascorbic acid is so great as to make 
jams a most undesirable carrier. All the jams tested had good acceptabil- 
ity even though there was a slight darkening in the color and a diminution 
of the characteristic flavor after three to six months^ storage at 100®P. 
In the jams containing guava, the flavor of the guava was perceptible and 
the possibility exists that these jams would thus become undesirable to 
some tastes. 

CEREAL AND BAKED PRODUCTS 

The cereals examined comprised all the premixed ® bulk cereal and 
some compressed cereal discs appearing in Army rations. The levels of 
fortification ranged from 30 to 75 mg. ascorbic acid per two ounces of 
cereal and included not only ascorbic acid of varying particle size but 
also ascorbic acid in the form of ground-up, fortified hard candy, fortified 
gelatin, and two commercial forms of stabilized ascorbic acid. In some of 
the studies on cereals it was difficult to interpret the data because of poor 
distribution of ascorbic acid. This would be expected in cereal because 
of the large granule size. 

Despite the limitations mentioned the data obtained on these cereals 
(Table 3) indicate that: 

a. Premixed bulk cereal is a more stable carrier than the disc cereal. 

b. Premixed bulk cereal of Manufacturer C was not as stable as the 
other bulk cereals. 

c. The stability of ascorbic acid in premixed bulk cereals was not 
affected appreciably by the storage temperature. 

d. The retention of ascorbic acid in cereal discs varied inversely with 
the storage temperature. 

e. A stabilized form of ascorbic acid in one of the disc experiments 
was no more stable than the regular form. 

f. There was no advantage in using fortified gelatin or ground-up 
hard candy as a vehicle for ascorbic acid in cereals. These carriers ap- 
parently decreased the stability of ascorbic acid in premixed bulk cereals 
but had no effect on stability in the cereal discs. 


• Premixed cereals are mixtures of ready-to-eat cereal, sugar, dried, nonfat milk sol- 
ids, and stable fat. These are packed in some rations as compressed discs or blocks and 
in others without compression (referred to in this report as “bulk’’)* Each manufac- 
turer’s product differs from others through being based on his commercial cereals. 
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MONTHS STORAGE AT lOO*" F. 

Fig. 4. l*t;r cent retention of ascorbic acid in cereal and baked ])rodncts on storage. 

I. Cookie filling:. 

11. Bulk premix<*d cereal. 

III. Disc premixed cereal. 

IV. Fruit cake. 


TABLE 3 

Ucicniion of Ascorbic Acid in Cereals as Affected by 
Type of Carrier 


Carrier 

Balk- 

— G months’ slorugc 

Disc— 

-G months’ storuge 

Rm. temp. 

lOO^F. 

131°F. 

Um. temp. 

loO^'F. 

131“ 

Manufacturer A 

pet. 

pet. 

pet. 

pet. 

pet. 

pet 

Ascorbic acid 

96 

90 

85 

84 

56 

14 

Ascorbic acid-hard candy.. 


77 


77 

64 

20 

Ascorbic acid gelatin 


68 


79 

63 

46 

Stabilized ascorbic acid, 
Type 1 


84 


80 

56 

23 

Stabilized ascorbic acid, 
Type 2 

100 

95 





Manufacturer B 

Ascorbic acid, fine 

granulation 


89 

82 




Ascorbic acid, coarse 
granulation 


92 

90 




Stabilized ascorbic acid, 
Type 2 


90 

95 


.... 


Manufacturer C 

Ascorbic acid 

96 

75 

74 

C4' 

62' 

62' 

Fortified gelatin 

65 

62 

58 

1 

.... 


Average retention in 
cereals 

97 

85 

! 85 

1 

80 

58 

26 


^ Manufacturer O disc flg:ure8 lire for storage for four months and are not included in average. 
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g. The distribution of ascorbic acid in the cereals fortified with hard 
candy and gelatin was less uniform than in those fortified with added 
ascorbic acid as such. 

h. Stability tests on fortified gelatin showed progressive losses up to 
three months^ storage followed by a leveling-off of losses. Cereal discs 
showed the same t3rpe of losses. 

The bulk cereal remained highly acceptable at all storage temperatures, 
whereas the disc darkened somewhat and had a slightly strong odor and 
flavor which were dissipated upon exposure to air. 

A large-scale stability study on ration premixed bulk and disc cereal 
fortified with synthetic vitamins of the B-complex in addition to ascorbic 
acid, indicated approximately 75 per cent retention of the added ascorbic 
acid in the bulk and 65 per cent in the disc form. The decreased differ- 
ences in stability of ascorbic acid in the bulk and disc forms in this set 
of cereals may be due to a stabilizing effect of one or all of the added 
B-complex vitamins. 

Another type of carrier investigated in the cereal-and-baked-product 
category was sandwich cookie in which the filling, a product of hydrogen- 
ated fat, sugar, and flavoring, was fortified with approximately seven mg. 
of ascorbic acid per gram of filling. The cookie filling proved to be an 
excellent carrier for ascorbic acid as judged by the 95-per cent retention 
and good palatability at the end of six months* storage at 100°F. Other 
types of cookie fillings which were tested did not show as good stability. 
The value of the cookie filling as a carrier will depend upon the ability 
of the different producers to standardize the techniques used in making 
the filling so that good retentions of ascorbic acid will prevail as well as 
uniform distribution of filling from cookie to cookie. Such investigations 
are now in progress. 

Early in the history of the laboratory the addition of ascorbic acid to 
baked products, such as fruit cake in loaf and cup-cake form, was also 
tried. Since the initial assays following the baking showed a 90-per cent 
destruction of ascorbic acid in these products, baked products were con- 
sidered unsuitable as carriers. A combination cereal and fruit bar forti- 
fied with ascorbic acid suffered such great losses in flavor and ascorbic 
acid content in two months* storage that it, too, was discarded as a carrier. 
Stability studies were also carried out on plain fruit bars fortified with 
40 mg. ascorbic acid per two-ounce bar or with an amount of guava to 
provide this quantity of ascorbic acid. Although there was slightly better 
stability in the ascorbic acid added as guava, both types of fruit bars lost 
over 90 per cent of the added ascorbic acid in three months* storage at 
lOO^P. 

Process American cheese and cheese spread with ham and relish were 
also investigated as possible carriers of ascorbic acid. Attainment of uni- 
form distribution and good stability of the added vitamins was difficult, 
although the ascorbic acid was not discernible to the taste. Approximately 
50 per cent of the added ascorbic acid was lost after three months* storage 
at 100° F. with an additional 30 per cent destruction after six months* 
storage at this temperature. Further work to increase the stability of 
ascorbic acid in cheese is planned. 
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DISCUSSION 

Validity of Methods Used to Determine Ascorbic Acid Content of 
Stored Foods: Certain foods when stored at elevated temperatures for 
long periods of time develop interfering substances which compete with 
the ascorbic acid for reaction with the specific reagents used to determine 
the concentration of ascorbic acid, Levy (1943), Mapson (1943a, b), and 
Wokes, Organ, Duncan, and Jacoby (1943a, b). Such foods are usually 
high in carbohydrates, especially sugars, and the interfering substances 
are a result of caramelization of carbohydrates either alone or with protein 
at the high storage temperatures. Occasionally interfering materials may 
be present in foods prior to storage, as in the case of soluble coffee product 
which contains products of roasting similar to those which develop in other 
foods through storage. It is, therefore, necessary to modify the assay pro- 
cedure where these substances occur so that the reaction measures only 
ascorbic acid rather than the total reaction owing to both ascorbic acid 
and biologically inactive products. 

The validity of the data obtained on the stored food materials was 
checked by several means. One procedure was to assay the unfortified 
stored samples along with the fortified samples for the purpose of deter- 
mining storage changes in the control. Several methods of assay employing 
different reactions were also used. These methods constituted not only the 
determination of the direct reduced and the direct dehydroascorbic acid as 
present in the food but also two measurements for total ascorbic acid, one 
made by converting all the ascorbic acid to the reduced form and the other 
by converting all the ascorbic acid to the dehydro form. It was hoped 
that the degree of agreement obtained for all four methods would aid in 
sifting out values which were due to materials other than ascorbic acid. 
In addition, the modified chemical methods for some materials were checked 
against biological assays. The results indicated that the chemical assays 
were measuring ascorbic acid activity (Table 4). 


TABLE 4 

Comparifton of Chemical With Biological Values for 
Fortified Materials ' 


Product 

G. P. 
assay 

Roe 

H,.S 

Reduced 

Soluble coffee product fortified with 25 mg. ascorbic 

acid (University of Wisconsin, Ur. Elvehjem) 

Jam fortified with 30 mg. ascorbic acid 

25 


1 

25 

(Nutrition Foundation, Ur. King) 

Jam fortified with guava and with 25 mg. ascorbic 

27.7 

25.5 

25.6 

25.0 

acid (Nutrition Foundation, Ur. King) 

Premixed oat cereal fortified with 15 mg. ascorbic 

25.4 

23.9 

26.3 

24.3 

acid (Nutrition Foundation, Ur. King) 

Premixed wheat cereal fortified with 15 mg. ascorbic 

16.2 

16.4 

17.5 

14.8 

acid (Nutrition Foundation, Ur. King) 

17.5 

14.9 

18.0 

15.9 

Guava pur6e (American Can Co.. Ur. Pilcher) 

200-250 

220 

241 

213 


* Tha biological values were faniiahed by institution and worker indicated under product. 
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Effect of Dehydroascorhic Acid Formation on Stability of Ascorbic 
Acid: Assays for dehydroascorhic acid content were made along with those 
on reduced ascorbic acid for the purpose of ascertaining whether there 
was a real loss in biological activity on storage. The results obtained on 
the products tested here, indicated that the reduction in the ascorbic acid 
content was due to a destructive loss of ascorbic acid rather than a conver- 
sion to the dehydro form (Fig. 5). It is clear that the loss of reduced 
ascorbic acid content on storage was not compensated by an increase in 
the dehydro form. The breakdown process in the ascorbic acid molecule, 
which was occurring on storage of fortified foods, did not stop at the dehy- 
dro stage long enough to be detected. 


Oahydro Ascorbic Acid 


SRoducod Ascorbic Acid 


Psrcont Loss 



CMOS AMOS OMOS 6M0S OMOS 6M08 OMOS 6M08 OMOS 6 MOS 

orange cereal candy-coated liquid canned 

JELLY DISCS GUM BEVERAGE ORANGE 

BASE JUICE 

Fig. ;■). Distribution of reduced and dehydroaseorbic acid during storage at 100 “F. 


With the exception of cereal, the amount of dehydroascorhic acid found 
in fortified foods never exceeded one mg. per ounce initially or at any time 
during storage. In cereal, the initial amount ranged from one to three mg. 
per ounce and remained at that level throughout the storage period. Un- 
fortified cereal also gave a positive reaction for the dehydroascorhic acid 
assay and the calculations were in the same range as in the fortified cereals, 
thus indicating that the substance measured was probably not dehydro- 
ascorbic acid. 

Effect of Storage Temperature on Ascorbic Acid Stability: Although 
most of the products were stored only at room temperature and 100°F., 
several were stored at a rather complete range of temperatures, — 3, 35, 
room temperature, 100, 110, 120, and 131°F. The use of the extreme high 
temperatures was contemplated as a rapid method for obtaining some indi- 
cation about the stability of a carrier in a shorter period than was possible 
at the 100°F. storage temperature. It soon became apparent, however, 
that the validity of the data obtained at such temperatures was question- 
able inasmuch as new reactions were introduced and excessive destruction 
of the product occurred. Storage at temperatures beyond 100°F. was. 
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therefore, discontinued. Data at some of the above temperatures are avail- 
able for the liquid orange-beverage base, for jams, for cereals, and for 
candy-coated gum. The stability of ascorbic acid in all these products was 
a function of the storage temperature and time as represented (Fig. 6). 




As the storage temperature and time increased, the losses of ascorbic acid 
also increased. This relationship was more spectacular in carriers with 
high moisture content than in those with low moisture content because 
of the increased rate of loss in the high moisture type of carriers. In some 
of the dry carriers (soluble coffee product, gelatin, etc.) the ascorbic acid 
losses at room temperature and 100° F. storage were approximately of the 
same magnitude. It is interesting to note that the products which were 
stable carriers of ascorbic acid at 131°F. storage temperature (hard candy 
and bulk cereal) showed no apparent deterioration to the point where they 
were unsatisfactory for consumption. This again demonstrates the rela- 
tionship between ascorbic acid stability and palatability of the product. 
Such a correlation has been frequently obtained for citrus juices and 
other fresh fruits and vegetables. 

Stabilized^ ^ Ascorbic Acid: Several types of so-called stabilized^' 
ascorbic acid were investigated along with the regular-type ascorbic acid 
in various products. In essence the stabilized ascorbic acid is ordinary 
ascorbic acid with some type of protective coating around the crystal. The 
coating acts as a protective agent against moisture and oxygen, and once 
it is removed by heat or solution the stabilized ascorbic acid becomes the 
ordinary crystal again and is liable to moisture, oxygen, and heat as if it 
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had never been protected. The application of stabilized ascorbic acid to 
improve the stability of carriers is, therefore, limited. It could not be 
used in materials to which it is added while the carrier is hot, as is the case 
with many of the soft confections, jams, and jellies. The stabilized form 
may have possibilities in the cereal discs, sugar, and other dry carriers 
where no wet mixing or high temperatures are necessary. 

A comparison of the stability of regular and stabilized ascorbic acid 
in several carriers (Table 5) shows that the use of the stabilized form of 
ascorbic acid did not result in preventing losses. 


TABLE 5 

Betention of Ascorbic Acid in Carriers Fortified With Stabilized 
and Ordinary Ascorbic Acid 


Carrier 


Ordinary ascorbic acid, 
storage at 100®F. 

Stabilized ascorbic acid, 
storage at 100®F. 



1 mo. 

3 mo. 

6 mo. 

1 mo. 

3 mo. 

6 mo. 

Soluble coffee product 


93 

90 

95 

83 

80 

Cocoa beverage powder 

Bulk 

100 

93 

96 

93 

90 

92 

Disc 

85 

68 

85 

65 

Premixed cereal disc 

66 

60 

55 

64 

60 

55 

Starch'jellv confection 

75 

38 

93 

70 

60 


SUMMARY 

Of the carriers tested thus far, the following were judged to be stable 
carriers based on the criterion of a minimum retention of 75 to 80 per cent 
of the added ascorbic acid after six months^ storage at 100°F. : 

(a) Synthetic fruit- juice powders. 

(b) Hard-pressed mints, candy wafers, and coated jelly beans. 

(c) Bulk cocoa beverage powder and soluble coffee product. 

(d) All types of premixed bulk cereal. 

(e) Some types of filling used in sandwich cookies. 

(f ) Bulk and disc granulated sugar. 

The following were found to be borderline carriers (60 per cent reten- 
tion of the added ascorbic acid after six months’ storage at 100°F.) : 

(a) Cereal discs and cocoa beverage-powder discs. 

(b) Gelatin. 

(c) Dehydrated orange juice and canned orange juice. 

The following were found to be unsatisfactory carriers of ascorbic acid 
(0 to 45 per cent retention of the added ascorbic acid after six months’ 
storage at 100® F.) : 

(a) Some types of dehydrated orange- juice powders and liquid bases. 

(b) Chocolate, caramel, lozenges, and starch-jelly confection. 

(c) Jams and jellies with or without guava. 

(d) Gum, stick and candy-coated, ascorbic acid in gum center or in 
candy coating. 
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(e) Fruit cake and cereal fruit bar. 

(f) Fruit bar fortified with ascorbic acid or guava. 

No appreciable losses in the ascorbic acid content of beverage powders 
resulted from the preparation of either a hot or cold beverage. 

The assay methods used in the determination of ascorbic acid in stored 
foods were valid as indicated by comparisons with biological assays. 

The ascorbic acid losses sustained during storage were true losses and 
not changes to dehydroascorbic acid. 

The quantities of dehydroascorbic acid present initially in the forti- 
fied foods studied were insignificant except in premixed cereals where the 
apparent amount was about 16 to 20 per cent. The same amount of 
“dehydro’’ ascorbic acid was found in samples of unfortified cereals. It 
is, therefore, believed that the positive reaction is due to interfering sub- 
stances present in premixed cereals. 

Losses in ascorbic acid content were in general related to the manu- 
facturing process, storage time, storage temperature, moisture content, and 
acidity of the carrier as well as the type of structure into which the ascorbic 
acid was incorporated. The more impenetrabne the internal and external 
surfaces of the carrier to air and moisture, the more stable was the carrier. 

All stable carriers tested (premixed bulk cereal, hard candy, synthetic 
beverages, and sandwich cookies) retained satisfactory palatability. Not all 
poor carriers, however, (chocolate, caramel, starch- jelly confection, etc.) 
lost their acceptability. 

The use of ‘ ^ stabilized ’ ’ ascorbic acid in several carriers did not improve 
the stability sufficiently. 

Uniformity of distribution of ascorbic acid from unit to unit was poor 
in many items, especially in premixed cereals containing large granules. 

There was no advantage to adding ascorbic acid to carriers in the form 
of other normally stable carriers, such as ground-up hard candy. This 
increased the distribution difficulties without increasing stability. 
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Moscow, Idaho 

[Ecceived for publication, May 13, 1946] 

There are practically no data available in the literature as to the 
chemical composition of the most widely used edible dry legumes. Their 
use as foods has increased during the past few years and greater consump- 
tion is being urged by some food specialists. Large quantities of low-grade 
lots and culls are also being used for animal feed, a field in which the 
composition is of equal importance. Recently, Daniel and Norris (1945) 
published thiamine, niacin, and riboflavin analyses of several samples of 
dried legumes. They also reviewed the literature of some of the early 
vitamin work. 

Forty samples of legumes were obtained for this study. They were 
grown in the two major legume-producing areas in Idaho, in the north 
around Moscow and in the south in the vicinity of Twin Falls. Only six 
samples were from the 1944 crop and all others from the 1945 crop. 

EXPERIMENTAL PROCEDURE 

The composition as to moisture, crude protein, crude fat, crude fiber, 
nitrogen-free extract, and ash were determined by the official A.O.A.C. 
methods (1940) and phosphorus by the method of Bolin and Stamberg 
(1944). Riboflavin and thiamine were determined essentially by the photo- 
fluorometric methods of Conner and Straub (1941). The types of peas, 
beans, and lentils used are shown (Table 1). 

DISCUSSION AND SUMMARY 

The data (Table 1) show that there is some variation in protein con- 
tent of the various legumes, the lentils being highest with an average 
content of 29.2 per cent and the small red beans lowest at 21.8 per cent. 
All of the legumes were fairly high in phosphorus. The data on riboflavin 
and thiamine agree fairly well with most of the values presented by Daniel 
and Norris, except for the thiamine content of the lentils which is slightly 
less than half their value. All samples were quite low in crude fat and 
averaged only slightly over one per cent. The high protein, phosphorus, 
thiamine, and relatively high riboflavin content of legumes should make 
them valuable as a food and for livestock feeding if properly balanced with 
other nutrients. 
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TABLE 1 


Besulis of Analyses of Edible Dry Legumes 


Variety 

Mois- 

ture 

Crude 

protein 

Crude 

fat 

Crude 

fiber 

Nitro- 

gen-free 

extract 

Ash 

Phos- 

phorus 

Ribo- 

flavin 

Thiamine 


pet. 

pet. 

pet. 

pet. 

pet. 

pet. 

pet. 

yitp./pm. 

fiff./ffm. 

Alaska field peas 

6.55 

26.0 

1.30 

3.68 

59.78 

2.69 

.408 

3.25 

6.84 

(green) 

8.50 

25.5 

1.16 

Ksa 

58.95 

2.82 

.360 

2.91 

7.44 


7.54 

24.7 

1.25 

4.04 

59.82 

2.65 

.418 

2.99 

7.16 


5.58 

26.0 

1.14 

2.96 

61.65 

2.67 

.348 

2.97 

6.96 

Average 

. 7.04 

25.6 

1.21 

3.44 

60.05 

2.71 

.384 



First and best 

8.51 

27.6 

1.01 

msm 

56.35 

2.44 

.386 

3.69 

7.76 

peas (yellow) 

8.01 

29.3 

1.24 

4.25 

54.99 

2.21 

.414 

3.11 

8.96 


9.07 

27.7 

1.26 

4.65 

55.04 

2.28 

.414 

3.23 

8.36 


9.13 

26.4 

1.21 

4.67 

56.39 

2.20 

.450 

3.19 

7.20 

Average 

. 8.68 

27.8 

1.18 

4.42 

55.69 


.416 

3.31 

8.07 

Flat small white 

8.46' 

22.5 

1.39 

6.14 

56.91 


.450 


5.76 

beans 

9.89 

22.4 

1.20 

4.78 

57.31 


.466 

2.96 

8.64 


8.18 

22.3 

1.38 

5.03 

58.79 

4.32 

.492 

2.66 

9.08 

Average 

8.84 

22.4 

1.32 

5.32 

57.67 

4.45 

.469 

2.90 

7.83 

Small red beans 

7.57* 

22.8 

1.42 

4.11 

60.14 

3.96 

.492 

2.72 

7.48 


8.73 

20.9 

1.20 

3.10 

62.13 

3.94 

.434 

2.66 

6.20 


7.30 

20.8 

1.65 

3.83 

62.47 

3.95 

.454 

2.44 

7.00 


8.09 

21.5 

1.53 

3.82 

61.28 

3.78 

.450 

2.51 

6.84 


7.76 

20.8 

1.24 

3.69 

62.58 

3.93 

.452 

2.31 

6.44 


8.75 

22.4 

1.38 

3.79 

59.74 

3.94 

.394 

2.82 

6.24 


7.16 

22.4 

1.20 

3.77 

61.52 

3.95 

.388 

2.54 

6.80 


7.85 

22.6 

1.45 

4.29 

60.01 


.492 

2.63 

6.92 


5.53 

22.4 

3.47 



3.94 

.372 

2.43 

6.92 

Average 

7.64 

21.8 

1.39 

4.36 

60.86 

3.91 

.436 

2.56 

6.76 

Pinto beans 

8.66" 

23.3 

1.35 

4.31 

58.26 

4.12 

.484 


5.72 


7.64 

22.9 

1.37 

4.65 

59.78 

3.66 

.454 

2.52 

5.44 


7.80 

23.4 

1.16 

4.78 

58.66 


.414 

2.79 

5.16 


7.64 

23.3 

1.45 

4.78 

58.72 

4.11 

.348 

2.55 

5.16 


8.74 

23.7 

1.35 

4.62 

57.49 


.376 

2.59 

4.96 

Average 

8.09 

23.3 

1.34 

4.63 

58.58 


.415 

2.71 

5.29 

Western red 

7.54’ 

23.9 

1.31 

3.84 

59.45 

3.96 

.400 

2.99 

5.56 

kidney beans 

7.72 

22.2 

1.16 

3.84 

61.59 

3.49 

.350 

2.57 

5.92 

Average 

7.63 

23.1 

1.24 

3.84 

60.52 

3.73 

.375 

2.78 

5.74 

Great Northern 

8.70" 

24.7 

1.05 

3.67 

57.56 

4.32 

.520 

3.42 

7.92 

beans 

8.34 

24.4 

1.30 

3.32 

58.92 

3.72 

.512 

3.17 

8.56 


8.32 

24.5 

1.14 

3.82 

57.71 

4.51 

.506 

2.76 

8.04 


7.31 

23.8 

1.20 

3.67 

60.35 

3.67 

.436 

2.75 

7.40 


8.16 

23.9 

1.22 

3.68 

58.49 

4.55 

.454 

3.00 

7.56 


5.51 

24.1 

1.38 

3.81 

60.73 

4.47 

.340 

3.02 

7.36 


7.36 

24.0 

1.19 

3.84 


4.01 

.388 

2.99 

9.82 


6.56 

24.0 

1.31 

3.68 

60.70 

3.75 

.440 

2.90 

7.72 

Average 

7.53 

24.2 

1.22 

3.69 

59.26 

4.13 

.450 

3.00 

ElESil 

Pea beans 

8..5.<t’ 

23.1 

1.22 

4.65 

58.42 

4.08 

.492 

2.90 



8.11 

23.1 

1.87 

4.65 

58.50 

3.77 

.400 

2.86 


Average 

8.32 

23.1 

1.55 

4.65 

58.46 

3.93 

.446 

2.88 


Lentils 

7.74 

29.1 


3.86 

54.64 

3.77 

.492 

3.01 

2.96 


8.74 

29.2 

0.94 

4.64 

52.50 

3.98 

.498 

2.90 

2.80 ^ 


7.62 

29.2 

0.85 

5.04 

53.34 

3.95 

.492 

2.94 

2.68 

Average | 

8.03 

29.2 1 

0.89 

4.51 

53.49 

3.90 

.494 

2.95 

2.81 


^From 1944 crop, aU others 1045 crop. 
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The urgent need for more information on the nutritive value of canned 
foods has led to an extensive series of investigations sponsor^ jointly by 
the National Canners Association and the Can Manufacturers Institute, 
Clifeorn (1944). One phase of these investigations has been an attempt to 
improve the nutritional value of canned food by the elimination or modi- 
fication of those canning practices found to be destructive of nutrients 
and to promote the development of canning procedures giving the maxi- 
mum retention of the nutrients present in the raw product. 

Wagner, Strong, and Elvehjem (1947) have studied the effect of 
commercial canning operations on the ascorbic acid, thiamin, riboflavin, 
and niacin content of vegetables and have presented an extensive review 
of the literature on this subject. 

Guerrant, Vavich, Pardig, Dutcher, and Stern (1946) have conducted 
similar studies to determine some of the factors or conditions associated 
with canning procedures wliich are conducive to high vitamin retention. 
The investigation involved nine vegetables and one fruit and the canning 
procedures of 27 different establishments. 

The purpose of the investigation reported in this paper was to obtain 
further information on the retention of the water-soluble vitamins and 
carotene during the commercial canning of apricots, asparagus, green 
beans, carrots, corn, peaches, peas, spinach, tomatoes, and tomato juice. 
Studies were conducted on the above products during the 1943, 1944, and 
1945 canning seasons in canneries located in California and in the Pacific 
Northwest. Data obtained by this laboratory on the retention of ascorbic 
acid in grapefruit juice and in orange juice are given by Lamb (1946). 

METHODS 

Ascorbic Acid: Ascorbic acid was determined according to a modifica- 
tion of the method of Bessey and King (1933) for all products except 
asparagus. 

Slurries were prepared by mixing from 200 to 300 grams of material 
with an equal weight of extracting solution in a Waring blendor. Por 
tomatoes, tomato juice, and asparagus the extracting solution contained 
three per cent metaphosphoric acid; for peas, spinach, and peaches, six 

^ The investigation was part of the National Canners Association -Can Manufacturers 
Institute program. 
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per cent metaphosphoric acid; and for apricots, green beans, and com, 
a mixture of six per cent metaphosphoric acid and one per cent oxalic 
acid. Peas, com, and a portion of the green bean samples were blended in 
an atmosphere of nitrogen; all others were blended in air. All products 
except corn were blended for two minutes ; corn was blended for five min- 
utes. The stability of ascorbic acid in each product during extraction was 
tested prior to making actual retention experiments in order that the most 
suitable extraction procedure would be used. 

After blending, 20 to 50 grams of the resulting slurry were transferred 
to a 100-ml. volumetric flask and made up to volume with three per cent 
metaphosphoric acid solution. The contents of the flask were mixed and 
filtered, and a 10- or 20-ml. aliquot titrated with 2,6-dichlorobenzenonein- 
dophenol solution (50 mg. + 20 mg. sodium bicarbonate per 100 ml. of 
solution), “ti 

Since difficulty was experienced in filtering corn extracts, the flasks 
were allowed to stand until the solids had settled, and then an aliquot of 
the supernatant liquid was removed for titration. 

Because of the presence of interfering red pigments in raw asparagus 
and the tendency for the end point to fade rapidly, asparagus could not 
be titrated successfully with the indophenol dye. Ascorbic acid was deter- 
mined in this product by a modification of the photometric method of 
Loeffler and Ponting (1942). Twenty grams of the blended extract were 
diluted to 100 ml. with 0.9 per cent metaphosphoric acid solution (to give 
a final concentration of one per cent metaphosphoric acid), and the deter- 
mination was completed according to the Loeffler and Ponting method 
using either a Cenco photelometer or an Evelyn colorimeter. 

B Vitamins: Three hundred grams of material were blended with an 
equal weight of 0,1 N sulfuric acid until a homogeneous slurry was ob- 
tained. During the blending two ml. of chloroform were added. The 
contents were then transferred to a pint glass jar and two ml. of toluene 
layered on the surface of the sample. The jars were packed in a shipping 
container with dry ice and shipped to the San Francisco laboratory for 
analysis. After arrival at the laboratory, the samples were held at l.l^C. 
(34°P.) until the determinations of thiamin, riboflavin, and niacin could 
be completed. 

Thiamin was determined by the thiochrome method of Hennessy (1941) 
with the following modifications : 

1. Samples of green beans were extracted for two hours with 0.1 N 
H2SO4 in a boiling-water bath ; all other samples were extracted for 
one hour. 

2. Samples were incubated overnight at 37°C.(98.6°P.) with one gram 
of takadiastase. 

3. The decalso was activated by stirring for 15 minutes with hot three- 
per cent acetic acid. The acetic acid was decanted and the decalso 
stored under three-per cent acetic acid. 

4. Thiamin was eluted from the decalso by passing 50 ml. of a hot 
25-per cent sodium chloride solution through the adsorption column. 
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Biboflavin was determined by the microbiological method of Snell and 
Strong (1939) and niacin by the microbiological method of Snell and 
Wright (1941) as modified by Krehl, Strong, and Elvehjem (1943). 

Carotene: Three hundred grams of material were blended with an 
equal weight of 95 per cent alcohol containing either 1.0 or 1.5 per cent 
of potassium hydroxide. The higher concentration was used for apricots, 
the lower concentration for peas and carrots. The blended material was 
transferred to a glass jar and packed in a shipping container with dry ice, 
in which it was transported to the San Francisco laboratory for analysis. 
After arrival at the laboratory the samples were held at 34°F. until they 
could be tested. 

The samples were analyzed according to the extraction procedure of 
Moore and Ely (1941) and the chromatographic procedure of Wall and 
Kelly (1943). The carotene solutions were read either in a Cenco pho- 
telometer or an Evelyn colorimeter calibrated against a purified solution 
containing a mixture of 90 per cent beta- and 10 per cent alpha-carotene. 

Moisture: Moisture was determined on the blended sample by the ofiS- 
cial A.O.A.C. method for tomato products (1940). The sample for moisture 
determination was prepared by' adding an accurately weighed portion of 
the material to a No. 2 or a No. 2% can. The can was filled with hot dis- 
tilled water and then closed and processed in the regular manner. Upon 
opening, the net weight of contents of the can was determined, and the 
ratio of net weight to initial weight of product was applied to the value 
obtained for moisture content. 

EXPERIMENTAL PROCEDURE 

At each of the canneries samples were taken of the raw product, of 
the same lot of raw material after it had undergone various treatments 
preparatory to canning, and finally of the finished product, by one of the 
following procedures : 

Batch Operation: If the canning was a batch operation, material was 
sampled continuously from each sampling point while a particular batch 
was being run. If . thorough mixing of the material in the batch was 
assured, the sample material was taken at one time, after about half the 
batch was run through the equipment. 

Continuous Operation: If the canning was a continuous operation, 
each operation was first timed with a stop watch by following a marker 
placed in the line, and the time required for the product to travel from 
one sampling point to another was recorded. Samples were then taken 
from each sampling point over a predetermined period of time, the sam- 
pling times being so scheduled as to represent the same original material 
at each sampling point. Wherever possible, markers were placed in the 
line at the beginning and end of the sampling period in order to insure 
selection of the same material at each sampling point. Canning operations 
were continuous in most of the canneries included in these studies. 

The unstable nature of the material sampled at certain places in the 
canning line made it imperative that sampling be completed in as brief 
a period of time as possible ; on the other hand, in order to obtain repre- 
sentative samples from a suflSciently large amount of material a certain 
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minimum time was required. Sampling periods varied from two to 10 
minutes, but ordinarily the time selected was not over five minutes. The 
material was sampled at a uniform rate during the sampling period, at 
the end of which time from five to 10 pounds of material had been accumu- 
lated. From 16 to 18 cans were selected during the predetermined period 
and, after coding, 12 of the cans were returned to the canning line and 
given the regular processing treatment. The remaining cans were cooled 
to room temperature by immersion in running water, after which they 
were opened and the material prepared for analysis. 

The material from each sampling point was well mixed and two or 
three samples consisting of from 200 to 300 grams of material were quickly 
weighed out for ascorbic acid determinations and mixed with an equal 
weight of stabilizing solution. Following this, a 300-gram sample was 
weighed out for determination of B vitamins and preserved in the manner 
previously described. A sample for carotene was similarly prepared in 
those instances where this vitamin was to be determined. The analyses 
for ascorbic acid were performed on the spot, usually within an hour after 
the samples were collected. 

Wherever possible, the history of the raw product was determined and 
samples were selected from material grown in a single field. In certain 
of the larger canneries it proved impossible to trace the exact history of 
the raw product after it reached the cannery. In several instances it had 
gone through a receiving station previous to shipment to the cannery and 
had lost its identity or it had become mixed after being received at the 
cannery. Very often the canning operations necessitated a blending of 
the raw product from several growers. 

In all instances, considerable care was taken not to interfere with can- 
ning operations in use at the cannery being surveyed at the time the tests 
were made. All retention values, therefore, represent actual commercial 
conditions of canning and were not influenced by the manner in which 
samples were selected. 

In order to obtain the necessary laboratory facilities for carrying on 
this work in canneries, a mobile laboratory which could be moved from 
one cannery to another was constructed. This unit could be set up inside 
a cannery and could be ready for operation as soon as electrical and water 
connections were made to cannery sources. 

RETENTION OF ASCORBIC ACID, THIAMIN, RIBOFLAVIN, NIACIN, 

AND CAROTENE DURING CANNING PROCEDURE 

A summary of vitamin retention values in apricots, green asparagus, 
white asparagus, green beans, carrots, corn, clingstone peaches, freestone 
peaches, peas, and tomatoes is presented (Table 1); a summary of the 
actual vitamin values obtained on the raw and processed samples is also 
included. Only the vitamins present in sufScient concentration in the raw 
product to be significant from a nutritional standpoint are included. 

Maximum, minimum, and average retentions are included (Table 1) 
and standard deviation in cases where a sufScient number of individual 
values were obtained to warrant such treatment of the data. In calculation 
of standard deviation the assumption was made that the values show ran- 
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TABLE 1 

Vitamin detention During Commercial Production of Various 
Canned Fruits and Vegetables 


Apricots 
(3 canneries) 

Raw 

Processed 

Raw 

Processed 

Asparagus, green 
(5 canneries) 

Raw 

Blanched 

Exhausted 

Processed 

Raw 

Blanched 

Processed 

Raw 

Blanched 

Processed 

Raw 

Blanched 

Processed 

Asparagus, wiirra 
(6 canneries) 

Raw 

Blanched 

Exhausted 

Processed 

Raw 

Blanched 

Processed 

Raw 

Blanched 

Processed 

Raw 

Blanched 

Processed 

Beans, green 
(5 canneries) 

Raw 

Blanched 

Closed 

Processed 

Raw 

Blanched 

Closed 

Processed 

Raw 

Blanched 

Closed 

Processed 

Raw 

Blanched 


Ascorbic acid 
Ascorbic acid 
Carotene 
Carotene 


Ascorbic acid 

Ascorbic acid 

Ascorbic acid 

Ascorbic acid 

Thiamin 

Thiamin 

Thiamin 

Riboflavin 

Riboflavin 

Riboflavin 

Niacin 

Niacin 

Niacin 


Ascorbic acid 

Ascorbic acid 

Ascorbic acid 

Ascorbic acid 

Thiamin 

Thiamin 

Thiamin 

Riboflavin 

Riboflavin 

Riboflavin 

Niacin 

Niacin 

Niacin 


Ascorbic acid 

Ascorbic acid 

Ascorbic acid 

Ascorbic acid 

Thiamin 

Thiamin 

Thiamin 

Thiamin 

Riboflavin 

Riboflavin 

Riboflavin 

Riboflavin 

Niacin 

Niacin 


Actual values 

Max. 

Min. 

Av. 

mg./ 
100 gm. 

mg./ 
100 gm. 

mg./ 
100 gm. 

12.60 

8.20 

10.20 

7.40 

4.30 

5.60 

2.14 

0.81 

L59 

1.24 

0.49 

0.88 

50.20 

17.30 

30.60 

30.70 

11.10 

19.40 

0.24 

0.15 

0.18 

0.09 

0.06 

0.08 

0.23 

0.15 

0.19 

0.13 

0.10 

0.11 

1.80 

1.40 

1.59 

1.05 

0.86 

0.94 

33.40 

17.50 

27.90 

22.70 

11.10 

18.10 

0.15 

0.12 

0.11 

0.08 

0.05 

0.06 

0.15 

0.11 

0.13 

0.09 

0.06 

0.08 

1.29 

0.98 

1.16 

0.91 

0.67 

0.81 

18.80 

5.60 

9.40 

6.80 

1.40 

3.40 

0.12 

0.07 

0.09 

0.07 

0.04 

0.05 

0.17 

0.09 

0.10 

0.09 

0.05 

0.06 

0.74 

0.37 

0.45 


Retention (dry basis) 


Max. 

Min. 

Av. & 
S.D> 

pet. 

pet. 

pet. 



100 

97 

76 

87±7 

98 

78 

89±8 


100 

100±7 

101±10 

100±7 

100 

01±8 

65±7 

100 

92±10 

88±11 

100 

96±7 

93±7 


100 

9C±11 

100±6 

96±8 

100 

91±9 

73±7 

100 

92±13 

85±13 

100 

95±11 

102±6 


100 

74±13 

60±15 

60±9 

100 

94±9 

98±10 

73±9 

100 

97±4 

99±6 

97±6 

100 

97±6 



278 


F. 0. LAMB, ANNE PRESSLEY, AND T. ZUCH 


TABLE 1 iOontkwd) 

Vitamin Betention During Commercial Produotion of Various 
Canned Fruits and Vegetables 




Numbeir 
of re- 

Actual valuea 

Retention (dry baaia) 

















At. k 
S.D.1 



experl- 
men t« 

Max. 

Kin. 

Av. 

Max. 

Min. 




ms./ 
100 gm. 

mg./ 
100 gm. 

mg./ 
100 gm. 

pet. 

pet. 

pet. 

Closed 

Niacin 

22 




110 

86 

99±7 

Proeessed 

Niacin 

24 

0.45 

0.15 

0.25 

105 

81 

95H-6 

Carrots 




1 





(1 cannery) 





i 




Raw 

Carotene 

5 

14.80 

10.20 

12.10 



ito 

After dicing 

Carotene 

5 




106 

97 

101±3 

After steaming 

Carotene 

5 





115 

108 

112±3 

Processed 

Carotene 

5 

6.30 

9.40 

7.40 

113 

97 

106±6 

Cork 

(1 cannery) 

Raw 

Ascorbic acid 

3 

13.70 

11.60 ! 

12.60 ! 



100 

Cut and washed 

Ascorbic acid 

3 




88 1 

84 

85 

Exhausted 

Ascorbic acid 

3 




1 

83 

71 

76 

Processed 

Ascorbic acid 

3 

7.80 

6.00 

6.80 

94 

75 

85 

Raw 

Thiamin 

3 

0.16 

0.16 

0.16 



100 

Cut and washed 

Thiamin 

3 


I 


86 

68 

79 

Exhausted 

Thiamin 

3 




93 

81 

86 

Processed 

Thiamin 

3 

0.10 

0.09 

0.09 

43 

28 

35 

Raw 

Riboflavin 

3 

0.12 

0.11 

0.11 



100 

Cut and washed 

Riboflavin 

3 




100 

98 

99 

Exhausted 

Riboflavin 

3 




105 

96 

101 

Processed 

Riboflavin 

3 

0.07 

0.08 

0.07 

105 

99 

102 

Raw 

Niacin 

3 

2.25 

1.97 

2.13 



100 

Out and washed 

Niacin 

3 




92 

88 

90 

Exhausted 

Niacin 

3 




87 

81 

83 

Processed 

Peachks, I 

Niacin 

3 

1.13 

1.04 

1.08 

86 

77 

82 

CLINGSTONE 









(4 canneries) 

Raw. 

Ascorbic acid 

14 

15.50 

8.60 

10.90 



100 

Lye-peclcd 

Ascorbic acid 

14 




91 

61 

82±9 

Exhausted 

Ascorbic acid 

14 




81 

47 

63±11 

Processed 

Ascorbic acid 

14 

6.60 

4.10 

5.10 

90 

63 

71±8 

Raw 

Niacin 

5 

1.24 

0.88 

1.01 



100 

Lye-peeled 

Niacin 

5 




99 

95 

97±2 

Exhausted 

Niacin 

5 




93 

84 

90±2 

Processed 

Peaches, 

Niacin 

5 

0,72 

0.54 

0.62 

92 

87 

89±1 

FREESTONE 



1 






(1 cannery) 

Raw 

Ascorbic acid 

3 

1 

8.00 

6.30 

7.00 



100 

Steam-peeled 

Ascorbic acid 

3 




86 

72 

77 

Processed 

Ascorbic acid 

3 

3.90 1 

2.20 

2.90 

70 i 

59 

65 

Raw 

Niacin 

3 

0.98 

0.89 

0.93 



100 

Processed 

Peas 

Niacin 

3 

0.57 . 

0.51 

0.53 

86 

1 

1 

82 

84 

(5 canneries) 

Raw 

Ascorbic acid 

26 

32.60 

20.80 

27.00 



100 

Blanched 

Ascorbic acid 

26 




88 

57* 

78±6 

Closed 

Ascorbic acid 

^ 24 




87 

43* 

78±7 

Processed 

Ascorbic acid 

26 

15.40 

8.30 

11.70 

88 

43* 

74±7 
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Sample 


Eaw 

Processed. 

Raw 

Blanch^.. 

Closed 

Processed. 

Raw 

Blanched.. 

Closed 

Processed. 

Raw 

Blanched 

Closed 

Processed 

Tomatoks 
(3 canneries) 

Raw 

Processed 


TABLE 1 iConduded) 


Vitamin JRetention During Commercial Production of Various 
Canned Fruits and Vegetables 


Vitamin 

Number 
of re- 
tention 
experi- 
ments 

Actual values 

Retention (dry basis) 

Max. 

Min. 

Av. 

Max. 

Min. 

Av. & 
S.D.i 



mgj 
too gm. 

mg./ 
100 gm. 

mg./ 

100 gm. 

pet. 

pet. 

pet. 

Carotene 

6 

0.46 

0.33 

0.39 



100 

Carotene 

6 

0.29 1 

0.24 

0.26 

127 

106 

118±8 

Thiamin 

24 

0.40 

0.20 

0.29 



100 

Thiamin 

24 




108 

70 

90±8 

Thiamin 

21 




116 

70 

92±14 

Thiamin 

24 

0.14 

0.06 

0.09 

83 

42 

57±9 

Riboflavin 

26 

0.21 1 

0.14 

0.17 



100 

Riboflavin 

26 




89 

61 

76±6 

Riboflavin 

14 




96 

70 

82±7 

Riboflavin 

26 

0.10 

O.Ofi 

0.08 

96 

67 

82±7 

Niacin 

26 

4.19 

2.06 

3.23 



100 

Niacin 

26 




94 

60 

71±10 

Niacin 

13 




76 

55 

66±6 

Niacin 

26 

2.03 

0.68 

} 

1.29 

86 

53 

67±8 

Ascorbic acid 


27.60 

20.20 

23.60 



100 

A.scorbic acid 

.5 

24.10 

17.30 

20.30 

91 

86 

88 


IS. ]). — Standard deviation, * The8«>i values wore obtained on No. 2 sieve size peas held for a 
considerable length of time betAvwn blanching and processing and were excluded from the average 
and standard deviation. The nc.\t lowest retentions were blanched, 04 per cent; closed, 60 per cent; 
processed, 56 j)er cent. 


(lorn distribution about a mean and are not unduly influenced by the 
choice of variables selected. Although the above assumption may not be 
justified in every case, it is felt that the inclusion of standard deviation is 
an aid in interpretation of the data in that it provides an estimate of the 
most probable range of retentions which would be obtained for a given 
vitamin in a given product. The maximum and minimum values are often 
misleading in that they may be the result of abnormal circumstances and 
not a true indication of actual commercial conditions. 

Individual retention values in excess of 100 per cent are probably due 
to a preponderance of positive errors in those particular experiments. It 
may be assumed that the average of a random distribution of retention 
values is equally affected by positive and negative errors and, therefore, 
is more significant than any individual retention value. An average reten- 
tion appreciably over 100 per cent probably indicates a consistent positive 
error in a particular vitamin determination. That this is true in the case of 
carotene retention will be discussed later. 

The original data do not reveal significant differences between different 
canneries packing the products shown (Table 1). In most instances vari- 
ations between separate retention experiments performed in the same can- 
nery were as great as variations in retention experiments performed in 
different canneries. Although canning procedure differed considerably 
between canneries packing the same product, these differences appeared 
to be less important than variations in the characteristics of the raw 
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product, such as variety, sieve size, maturity, etc. Differences in retention 
between individual canning procedures might have become more apparent 
had it been possible to perform retention experiments on identical lots of 
raw material and to limit variations in canning procedure to a single 
variable, such as blanching, exhausting, etc. 

Betention of Ascorbic Acid in Spinach: In contrast to the products 
shown (Table 1), distinct differences were found in the retention of 
ascorbic acid obtained at different spinach canneries. A summary of 
actual values and retention values for ascorbic acid obtained as a result 
of surveys performed at five spinach canneries is shown (Table 2). The 
results obtained during separate runs performed at the same cannery 
agreed fairly well but differed markedly in several instances from runs 
made in other canneries. Variations in blanching procedures appear to 
account for the major differences in retention of ascorbic acid in spinach. 
Additional data obtained by this laboratory on the effect of blanching on 
the retention of nutrients in spinach indicate that the length of blanch 
and the type of blanching equipment have a pronounced effect on the 
retention of water-soluble nutrients. 


TABLE 2 

Heteniion of Ascorbic Acid in Canned Spinach 


Cunnery 

No. 

Number 

of 

retention 

experiments 

ATerati:e ascorbic 
acid content 

Average retention of ascorbic 
acid (dry basis) 



After 
washing j 

After 

blanching 

After 

exhausting 

After 

processing 



mg. ! 100 

mg. f 100 

pet. 

pci. 

pet. 

pet. 



gm. 

gm. 





1 

5 

8.T 

20.0 


49 

42 i 

50 

2 

6 

73 

20.6 

117 

77 

59 

62 

2 

4 

87 

12.9 

99 

39 

27 

34 

4 

6 

74 

23.7 

108 

78 

56 

60 

5 

4 

82 

4.8 

63’ 

8 

1 

14 


^ Warm water wash (160®E.)- 


Betention of Ascorbic Acid, Thiamin, Biboftavin, and Niacin in Tomato 
Juice: The retention of ascorbic acid in tomato juice also varied consider- 
ably from one cannery to another. Since the data obtained on this product 
are difficult to summarize, owing to the great variability of canning tech- 
nics, a few individual retention experiments were selected for presentation 
(Table 3). Each experiment represents a different canning technic and 
was chosen from a large mass of similar data as being representative of 
the various canning technics being employed in California canneries. 

In Cannery 1 the tomatoes were riSt heated prior to juice extraction. 
In Cannery 2 the tomatoes were steamed, crushed, and then heated to 85° C, 
(185°P.) prior to juice extraction. In Canneries 3 and 4 the tomatoes 
were steamed prior to crushing but were not given further heating prior 
to juice extraction. In Cannery 5 the tomatoes were heated to 87.8° C. 
(190°P.) at the time of crushing. Canneries 1 and 4 employed deaeration, 
whereas the other canneries did not. At Cannery 5 the juice was held 
about 45 minutes prior to canning. At the other canneries the time of 
holding varied from approximately three to 20 minutes. 
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In Canneries 2, 3, and 5 the juice was preheated to 82.2 to 93.3®C.(180 
to 200°P.), filled into cans, and processed either in continuous cookers or 
in retorts. In Canneries 1 and 4 the juice was rapidly heated to 110 to 
121.1®C.(230 to 250°F.), after which it was cooled to about 200°P., filled, 
and air-cooled without further processing. 


TABLE 3 

Vitamin detentions in Canned Tomato Juice 


Cannery 

No. 

Sample 

Ascorbic 

acid 

Thiamin 

Riboflavin 

Niacin 

Retention 
of ascorbic 
acid 



mg. / 100 

mg./ 100 

mg./ 100 

mg./l 00 




ml. 

ml. 

ml. 

fid. 


1 

Raw, jiiicpd 

27.2 

.057 

.024 

.77 



Prom finisher 

28.0 


1 


100 


After closing 

26.2 

.062 

.024 

.86 

94 


After cooling 

26.1 

.062 

.025 

.88 

93 

o 

Raw, crushed 

28.1 

.058 

.030 

.92 

100 


After preheating 

o? o 




97 


Prom finishing tank 

23.0 




82 


Prom filler 

21.6 

.056 

.028 

.80 

77 


Processed 

21.5 

1 

.056 

.027 

.76 

77 

3 

Raw, juiced 

24.8 

.041 

.024 

.60 



Steamed, juiced 

28.2 




100 


After cycloning i 

25.2 




89 


Prom finisher 

24.8 : 




88 


Prmn holding tank 

15.3 




54 


Prom filler 

15.1 

.041 

.023 

.58 

54 


Processed 

15.4 

.040 

.023 

.59 

55 

4 

Rflw juiced 

26.5 






Steamed and crushed 

30.0 




100 


Prom finisher 

27.8 




93 


Prorn filler 

28.4 




95 


Ploscd and cooled 

28.2 




94 

5 

Raw fifteanied 

27.5 




100 


(Iiopped, heated to 190 ®P... 

19.7 




72 


Prom finisher t -- - 

12.4 




I 


Prom filler 

8.3 




30 


Prf»f*Y»H«nd 1 

8.8 


j .... 


32 

The 

data show that whereas it is pos 

jsible to 

obtain e: 

^cellent i 

retention 


of ascorbic acid in tomato juice, there is considerable variation in the reten- 
tions actually obtained. The use of deaerators appears to be of particular 
advantage in obtaining high retention of ascorbic acid. 

The over-all retentions obtained at the different tomato-juice canneries 
are not exactly comparable since the value obtained on the ‘‘raw’’ sample 
depended to a certain extent upon whether or not the tomatoes were 
steamed prior to juice extraction. A home-type juice extractor was used 
in extracting the juice representing the ‘‘raw’' and “steamed" samples 
in all cases. In every case steaming has served to produce a juice richer 
in ascorbic acid than extraction of the cold tomatoes. This factor is respon- 
sible for the observation that in Cannery 4 the processed juice appears to 
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contain more ascorbic acid than the original raw juice. Possible explana- 
tions for the apparent increase in ascorbic acid after steaming the tomatoes 
are either that the steaming serves to inactivate certain enzymes beneath 
the skin which promote the oxidation of ascorbic acid, or that the steaming 
serves to liberate bound ascorbic acid from the insoluble pori;iions of the 
tomato. If the value for the “raw’’ sample had been based on the analysis 
of the whole tomato as obtained by blending sections of whole tomatoes 
with extracting solution, a more uniform basis would have been obtained 
for calculation of retentions; however, this procedure is objectionable in 
that portions of the tomato, such as seeds and skin, are included in the 
analysis, whereas they are excluded in the manufacture of tomato juice. 
Further work on this problem is needed. 



ASOOEBIC ACID (MG. PEB 100 GM.) 

TIME AFTER PICKING (HOURS) 

Fia. 1. Effect of holding on the ascorbic acid content of raw green beans, Blue Lake 
variety, of different sieve sizes. 

The data indicate good retention of thiamin, riboflavin, and niacin in 
the canning of tomato juice. In most instances the slight variations found 
in these vitamins between different sampling points may be attributed to 
experimental error. 

Loss of Nutrients Between Harvesting and Canning of Oreen Beans: A 
problem of considerable concern to food processors is the loss of nutrients 
between the time of harvesting and of canning. That such losses occur in 
green beans, peas, and spinach has been shown by several investigators — 
Mack, Tapley, and King (1989) ; Mack and Tressler (1936) ; and Tressler, 
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Mack, and King (1936). In conjunction with work on vitamin retention 
in canned green beans, experiments on the effect of holding raw beans of 
the Blue Lake variety prior to canning were performed. Of the vitamins 
tested, ascorbic acid was the only one showing an appreciable rate of loss 
during the period in which beans might be held prior to canning. Results 
obtained in a typical experiment are shown (Fig. 1) ; the temperature of 
holding varied from 18.9 to 21.1® C. (66 to 70®P.) in this experiment. A 
rapid loss of ascorbic acid occurs during the first 12 to 24 hours of holding 
and the proportion lost is greater in the small sieve sizes of beans than in 
the large sizes. No tests were made for dehydroascorbic acid, hence it is 
not known what proportion of the ascorbic acid lost was in the reversibly 
oxidized form ; however, since dehydroascorbic acid is readily destroyed in 
canning, the presence of this substance in the raw product is unimportant 
from a canning standpoint, American Can Company (1943). 

TABLE 4 


Effect of Processing on Eeteniion of Thiamin in 
Green Asparagus and Peas 





1 Process 1 

Thiamin — 

Retention 

during 

processingr 
(dry basis) 

Code 

Product 

Can size 

Time 

Tempera- 

ture 

actual 

values 




min. 


mg./ 100 
gm. 

pet. 

A-1 

Asparagus j 

No. 2 

15 

248 

.082 

76 

2 

Asparagus 

No. 2 

25 

248 

.071 

66 

3 

Asparagus 

No. 2 

25 

240 

.080 

75 

4 

Asparagus 

No. 2 

40 

240 

.075 

71 

B-1 

Asparagus 

No. 2 

15 

248 

.075 

.73 

2 

Asparagus 

No. 2 

25 

240 

.074 

71 

C -1 

Peas 

No. 2 

18 

252 

.086 

66 

o 

Peas 

No. 2 

23 

O.-jO 

.078 

60 

.3 

Peas 

No. 2 

30 

252 

.071 

54 

4 

Peas 

No. 10 

18 

252 

.086 

66 

5 

Peas 

No. 10 

23 

050 

.084 

64 

6 

Peas 

No. 10 

30 

252 

.078 

60 


Effect of Processing on Thiamin Beteniion: It is observed that of the 
five vitamins included in these surveys only thiamin undergoes appreciable 
destruction as a result of processing. It became of interest to know whether 
the retention of thiamin could be altered to any appreciable extent by 
variation of processing times and temperatures. Data obtained in two 
separate experiments on asparagus and one experiment on peas are shown 
(Table 4). 

In processing asparagus in No. 2 cans, 15 minutes at 120®C.(248®F.) 
is considered the equivalent in sterilizing value to 25 minutes at 115.6® C. 
(240®F.). It is seen that the destruction of thiamin is very nearly equal 
for the two cooks. In processing peas at the cannery in which these tests 
were made a cook of 18 minutes at 122.2® C.( 252® F.) was given No. 2 cans 
and a cook of 30 minutes at 252®F. was given No. 10 cans. It is seen 
that slightly more thiamin was destroyed in the latter cook than in the 
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former. For the same cooks, however, more destruction occurred in the 
No. 2 cans than in the No. 10 cans, the difference becoming greater as the 
time was increased. 

DISCUSSION 

Of the vegetables included in this survey asparagus showed consistently 
the best retention of all the vitamins. This was probably due to the mild 
blanching given this product, its comparatively small surface area, and 
the unusual stability of its ascorbic acid. In California the great majority 
of canners use steam-blanching exclusively for asparagus. Its low ratio of 
surface area to weight results in a minimum of leaching out of water- 
soluble vitamins. Tests have shown, moreover, that the ascorbic acid in 
asparagus is not as readily oxidized as the ascorbic acid in certain other 
vegetables. Slightly better retention for asparagus was found than was 
reported by Wagner, Strong, and Elvehjem (1947) for midwestern aspara- 
gus. The fact that water-blanching was used in the canning operations 
studied by those investigators may account for the difference in retention. 

In peas, green beans, and spinach blanching accounted for the principal 
loss of all vitamins except thiamin, which was lost primarily during 
processing. A considerable amount of ascorbic acid was lost between 
blanching and processing in green beans. This was due to the extremely 
unstable nature of the ascorbic acid in blanched beans. Peas appear to 
be somewhat more stable than green beans after blanching. This may 
be due to the more complete inactivation of enzymes in peas than in green 
beans during blanching. Although riboflavin and niacin are well retained 
in green beans, there is a considerable loss of niacin and a moderate loss 
of riboflavin in peas, most of which occurs during blanching. 

The data show an apparent increase in the carotene content of both 
peas and carrots during the canning operations. It is suspected that the 
apparent increase in the case of peas is due to the leaching of soluble 
solids, which, as discussed by Bailey and Dutton (1945), indicates an 
increase in the concentration of carotene when results are expressed on 
the dry basis. This explanation does not account for the apparent in- 
crease in the carotene content of cai:rots after steaming, as determination 
of soluble and insoluble solids on these samples did not show that any 
appreciable amount of leaching had taken place. A possible explanation 
is that partial enzymatic destruction of carotene occurred during the prep- 
aration for analysis of the unheated samples. After steaming, the enzyme 
or enzymes responsible for this destruction may have been inactivated 
so as to cause no further destruction of carotene. 

The data also show an apparent increase of ascorbic acid after proces- 
sing in corn and to a lesser extent in spinach and clingstone peaches. The 
increase of ascorbic acid after processing has also been noted by Wagner, 
Strong, and Elvehjem (1947), who have suggested the possibility that 
ascorbic acid is liberated from a bound form during processing. They 
state, however, that the above explanation is open to question, presumabty 
because it has not been clearly established that some interfering substance 
or substance^ are not formed during the processing of these products. 
Until this problem is solved, interpretation of the data on ascorbic acid 
retention in these products as a result of processing is diflScult. 
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Loss of ascorbic acid in clingstone peaches is seen to occur both during 
lye-peeling and during the stages between lye-peeling and processing. Ex- 
periments performed subsequent to this work have demonstrated the insta- 
bility of the ascorbic acid in freshly lye-peeled peaches. Steam-peeling of 
Elberta peaches appears to cause a considerable loss of ascorbic acid. A 
portion of this loss may be mechanical in nature since Schroder, Satter- 
field, and Holmes (1943) have shown that ascorbic acid is most concen- 
trated in the skin of the peach and in the flesh adjacent to the skin. 

Extensive work on the retention of ascorbic acid in tomato juice has 
demonstrated that this vitamin is rapidly destroyed when the juice is 
heated in the presence of air. Our data show that this loss is accelerated 
tremendously by the presence, in addition to air, of certain metallic salts, 
particularly copper. In the absence of air very little destruction of ascorbic 
acid can occur, as is evidenced by the almost complete retention of this 
vitamin in completely deaerated juice and during processing, providing 
there is a minimum of air incorporated in the can. 

RECOMMENDATIONS FOR OBTAINING HIGH VITAMIN RETENTION 

Examination of the data obtained as a result of this investigation leads 
to the following recommendations in order to obtain the maximum reten- 
tion of nutrients in canned food : 

1. In order to improve vitamin retention in canned vegetables, over- 
blanching should be avoided and all blanching of vegetables should 
be kept to a minimum consistent with the production of a high- 
quality product. 

2. Kapid handling of the raw product is essential to a maximum reten- 
tion of the vitamin C present in the product at the time of harvesting. 

3. Once canning operations are commenced they should be completed 
without delay and with minimum exposure to air. Particular atten- 
tion should be given to the removal of air from juice products. 

4. Metals, such as copper, which accelerate the oxidation of ascorbic 
acid should be kept at a minimum by avoiding wherever possible 
prolonged contact of the product with equipment containing these 
metals. 

SUMMARY 

Experiments have been performed on 12 canned products; namely, 
apricots, green asparagus, white asparagus, green beans, carrots, corn, 
clingstone peaches, freestone peaches, peas, spinach, tomatoes and tomato 
juice, in order to determine thp retention of ascorbic acid, thiamin, ribo- 
flavin, niacin, and carotene during canning operations. 

Excellent retention of all the vitamins except thiamin was obtained in 
asparagus. Water-soluble vitamins, especially ascorbic acid, were lost dur- 
ing the blanching of peas, green beans, and spinach. Additional losses of 
ascorbic acid between blanching and processing were observed in green 
beans and spinach, but in the other products these losses were negligible. 
Retentions of riboflavin and niacin were excellent except in the case of 
peas, in which appreciable amounts of both vitamins were lost in the 
blanch. Apparent increases of carotene were observed in carrots and peas. 
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Ascorbic acid appeared to increase during the processing of corn, peaches, 
and spinach. 

No appreciable differences were observed between the retentions ob- 
tained on the same product at different canneries in any products except 
spinach and tomato juice, in which marked differences were observed in 
the retention of ascorbic acid. Variations in blanching procedures account 
for the differences in over-all retention of ascorbic acid in spinach. Aera- 
tion, time of holding, and possibly contamination with metals may account 
for differences in the retention of ascorbic acid in tomato juice. Good 
retention of thiamin, riboflavin, and niacin in tomato juice was obtained. 

Processing had very little effect on any of the vitamins studied except 
thiamin. Ascorbic acid was not appreciably affected by processing, pro- 
vided the incorporation of air in the can was not excessive. Thiamin was 
destroyed by processing, the magnitude of its destruction in a given 
product depending primarily on the time and temperature of processing. 

Data are presented showing that prompt handling of the raw product 
is essential to obtaining good retention of ascorbic acid in green beans. 
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In the production of dried egg the shells, which are calcium carbonate, 
are a waste product. If a way can be found to utilize the shells in a food 
product, the calcium content of the diet can be increased. Moreover, the cal- 
cium content of eggs is low in relation to their high content of phosphorus. 
Therefore, the addition of small amounts of ground egg shell to dried 
egg would play a significant role in correcting this low ratio of calcium 
to phosphorus. Since the addition of ground egg shell to dried whole egg 
may alter the quality characteristics of the food products in which dried 
egg is used, it seemed necessary to investigate this phase of the problem 
before commercial application of this method of utilizing a waste product 
could be recommended.^ This paper reports the results of experiments on 
the flavor and cooking quality of dried egg with and without the addition 
of a small amount of ground egg shell. 

Although the effect of adding ground egg shell to dried egg was hith- 
erto unknown, some studies had been made using other forms of calcium 
carbonate, the chief ingredient of egg shell. It has been reported that 
calcium carbonate, when added to flour, caused accelerated bacterial growth 
resulting in a condition known as ‘‘rope^^ in bread by increasing the pll. 
However, Ilalton (1942) found that one per cent creta praeparata, a 
form of calcium carbonate, increased pH too little to have any practical 
significance. Commercial preparations containing calcium in the form of 
lime water are sold for the purpose of increasing foaming power of cream 
and egg whites. 

Pood products in which the various properties of egg play an essential 
role were selected for this study. Scrambled egg, baked custard, ice cream, 
foundation cake, muffins, yeast rolls, popovers, and mayonnaise were pre- 
pared. The effect of ground egg shell on the flavor and texture was evalu- 
ated and general preference indicated by a judging panel; the effect on 
the coagulating ability, stretching, binding, and emulsifying power of 
dried egg was measured by physical and chemical methods. 

EXPERIMENTAL PROCEDURE 

One hundred pounds of dried whole egg packaged in three-pound tins 
in an atmosphere of nitrogen were procured from a co-operating processing 
plant. The dried egg was stored at 0°C.(32°P.) for the duration of the 

^ Investigations in feeding dried egg with shell have been carried out by the Bureau 
of Animal Industry. i 
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experiment, as previous investigations by Dawson, Shank, Lynn, and 
Wood (1945) had indicated little deterioration at this temperature. 

Ground egg shell was obtained from a commercial concern. Since the 
egg shell as received from the manufacturer was unevenly ground, it was 
sifted through sieves of different sizes, having U. S. sieve numbers 100, 
140, 200, 325, and 400, with sieve openings of 0.0058, 0.0041, 0.0029, 0.0017, 
and 0.0015 inch, respectively. 

The proportions of ingredients used in the preparation of scrambled 
egg, baked custard, ice cream, foundation cake, muffins, yeast rolls, pop- 
overs, and mayonnaise are listed (Table 1). The ingredients were com- 
bined by standard procedures. Two batches of each product were pre- 
pared, one containing dried egg with added ground egg shell and the 
other untreated dried egg for control. Before the egg was reconstituted, 
egg shell was added in 0.4 per cent concentration to the amount of dried 
egg needed for each product. To approximate one fresh egg, 13.5 grams 
of dried egg were reconstituted with 34.5 grams of water. The reconsti- 
tuted egg was then combined with other ingredients in the same manner 
as fresh egg. 

A well-insulated electric oven with a revolving hearth and accurate 
temperature control was used for all baking. The oven was calibrated in 
terms of temperature and baking performance. 

Scrambled egg was prepared by two methods of cooking: (1) in a hot 
water bath, unseasoned, and (2) in a frying pan, seasoned, with and with- 
out bacon £aJt, The reconstituted egg coagulated by the first method con- 
tained unsifted ground egg shell and that sifted through each of the 
various sieves. Ground egg shell which had been sifted through No. 200 
and No. 400 sieves was added to the egg prepared by the second method. 
Paired samples, one with and one without ground egg shell, were presented 
to each member of a judging panel for evaluation of quality. 

Custards were baked in 50-milliliter beakers, 24 at a time, 12 with and 
12 without egg shell. The custards were cooled before presentation to a 
judging panel. Height measurements were taken with the aid of the pene- 
trometer after baked custards had stood two hours at room temperature. 

Ice cream was frozen in a household refrigerator. Each batch was 
poured into a separate tray and stirred at 30-minute intervals until firm. 
Paired samples in an ice bath were presented to each judge. 

Foundation cake was made by the conventional method; an electric 
mixer was used for combining ingredients. Four cakes with egg shell were 
baked at the same time, immediately after which four cakes without egg 
shell were baked. Volume was measured by the seed displacement method 
on the cooled cakes in the pans in which they were baked. Crusts were 
removed from the cakes and six three-inch by one-inch pieces were cut 
from each cake. Pieces from the control were matched with pieces from 
corresponding positions in the samples containing egg shell. These pairs 
were judged by the panel. 

Muffins were mixed by a standard procedure whereby liquid ingredi- 
ents were stirred into the dry ingredients. Forty-eight muffins in four 
pans were baked at one time, 24 with and 24 without the addition of 
ground egg shell. Paired halves were judged while hot. 



TABLE 1 

Ingredients Used in Preparation of Food Products 
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Yeast rolls were prepared at room temperature and the dough was 
allowed to rise in a proof box at 31°C.(88°F.) once before and once after 
the rolls were shaped. Two laboratory technicians working at the same 
time shaped rolls from 25 grams of dough. Four pans, two with treated 
and two with untreated rolls, containing 14 rolls in each pan, were baked 
at the same time. Paired hot samples were tasted by a panel of judges. 
Determinations of hydrogen-ion concentration were made with a Coleman 
pH electrometer directly on the inner portion of a baked cooled roll which 
had been worked between the fingers until doughy. 

Popovers made with and without ground egg shell were baked at the 
same time in two iron pans, each containing 10 samples, for 15 minutes 
at 232°C.(450°F.) and then for 30 minutes more with the thermostat 
lowered to 176.7°C.(350‘^F.). Volume comparisons were made by the seed 
displacement method after popovers were removed from pans. 

Mayonnaise was made by mixing dry ingredients with one-half of the 
vinegar and combining this with the reconstituted whole egg before the oil 
was added. The remaining oil and vinegar were beaten in alternately 
with the aid of an electric mixer. Mayonnaise was allowed to stand for 
four hours at room temperature before being tested for consistency differ- 
ences. The penetrometer devised by Hall and Dawson (1940) was used for 
measuring the distance of penetration of a plummet into each mayonnaise 
sample. 

The taste panel consisted of six to 10 judges who evaluated paired 
samples of scrambled egg, baked custard, ice cream, cake, muffins, and 
yeast rolls for flavor and texture and indicated which one they preferred 
in general. In some products the presence or absence of grittiness was 
specifically noted. Judgments were recorded on a score card (see below) 
which offered a triple choice for decision : Sample A is superior to Sample 
B ; Sample A is inferior to Sample B ; or there is no difference between Sam- 
ples A and B. The results were evaluated statistically by the chi-square 
method, testing the 50:50 hypothesis. A similar method of ‘ ' paired-eating ’ ’ 
was used by Sylvia Cover (1940) in meat-cookery research. 

SCORE CARD 

Name Have you tasted before today? 

yes no 

Bate If so, when and what ? 

Time , 


State of health : Excellent Rt^marks : 

Fair 
Poor 


Choice for decision j 

Sample A 

Sample B 

No difference 

Which of the 2 samples — 

Has better flavor? 

1 



Has better texture? 




Contains grittiness? 




Bo you prefer? 
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The significance of the diflference between means of the physical and 
chemical measurements was determined by the t-test. 

BESULTS AND DISCUSSION 

The particle size of the ground egg shell available for this study varied 
considerably. Only 66 per cent went through a U. S. No. 400 sieve having 
a sieve opening of 0.0015 inch, whereas 97 per cent went through a No. 100 
sieve having a sieve opening of 0.0058 inch (Table 2). 


TABLE 2 

Yield of Ground Egg Shell of Different Fartiole Size 


Sieve sixe — 

U. S. No. 

Sieve opening 

Ground egg shell 
that went through 
sieve 

Residue after 
sifting 


in. 

pet. 

pet. 

100 

.0058 

97 

3 

140 

.0041 

93 

7 

200 

.0029 

87 

13 

325 

,0017 

82 

18 

400 

.0015 

66 

34 


The residue remaining consisted of coarse particles of egg shell and 
cotton-like material from the shell membrane. The unsieved material had an 
undesirable odor which was not noticeable in the shell sifted through even 
the coarsest sieve. Hence, the odor was attributed to the membranous mate- 
rial. Removal of this part of the egg shell by sifting would help to prevent 
a contamination of the flavor of food products in which egg shell is used. 

The judgments of the taste panel with respect to the effect of ground 
egg shell on the palatability of the several food products are summarized 
(Tables 3 and 4) ; the effect of egg shell on cooking quality of the products 
as determined by physical and chemical tests is shown (Table 5). 

SCRAMBLED EGG 

In preliminary laboratory tests an undesirable grittiness was detected 
when the unsifted product was used in scrambled egg cooked unseasoned in 
the hot-water bath. Three tasters in the laboratory also could detect gritti- 
ness in the samples with added egg shell sifted through sieves varying in 
size from U. S. No. 100 to 325. When the egg shell was sifted through the 
No. 400 sieve, which has an opening of 0.0015 inch, it was fine enough to 
escape detection by two out of three tasters in the laboratory. 

When submitted to the judging panel, no significant differences were 
noted in scrambled egg made with and without ground egg shell of No. 400 
sieve size. Although a few of the judges preferred the sample with ground 
egg shell, the majority indicated no difference in flavor, grittiness, or general 
preference. 

Grittiness was not detected with egg shell of No. 200 sieve size when 
bacon fat was added although egg shell of this size was easily detected when 
bacon fat was not used, as mentioned above in the preliminary tests and as 
later confirmed by the judging panel. Apparently the flavor and lubricat- 
ing effect of the fat interfered with the judges’ ability to detect grittiness. 








Effect of Ground Egg Shell on Palatahility of Several Food Products Made With 
Dried Whole Egg as Determined ly a Taste Panel 


General 

preference 


0.05 

0.14 

0.11 

0.00 

0.52 

0.40 

Votes 

cneacq cooo) gocoi> ocot^ 

rH iHOacq NOsI oqcqrH iHtHCO 

Presence of 
grittiness 

Chi- 

square* 

0.43 

0.25 

0.02 

Votes 

eqooco ::: ::: ::: Qot>.Qo 

tH iH ::: i-hihcq 

Texture 

Ohi- 

square* 

0.05 

0.25 

1.45 

0.57 

Votes 

::: ::: i>o>cx) coeoco '^*<oos 

::: oaca oqeoiH r-»<M<M 

Flavor 

H 

ta 

0.00 

0.57 

0.05 

0.14 

1.45 

0.78 

Votes 

eOO>»H l:«»O>0O OOIOO 

rH iHiHCO OQiHCq CQTHeq 

Choice 

for 

decision 

With egg shell 
Without egg shell 
No difference 

With egg shell 
Without egg shell 
No difference 

With egg shell 
Without egg shell 
No difference 

With egg shell 
Without egg shell 
No difference 

With egg shell 
Without egg shell 
No difference 

With egg shell 
Without egg shell 
No difference 

Total 
tests on 
paired 
samples' 

21 

63 

84 

63 

69 

63 

Sieve- 
size of 
shell 
used — 
No. 

400 

140 

140 

100 

100 

140 

Food product 

Scrambled egg (without bacon fat) 

Baked custard 

Ice cream 

Foundation cake 

Muffins 

Yeast rolls 


^Tested by a panel of five to nine judges on replicate samples. * A chi-square of 3,84 is necessary for significance at the flve-per cent level. 




^ Tested by a panel of six to seven judges on replicate samples. * Significant. 
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Grittiness was not noticed when the more finely ground shell of No. 400 
sieve size was used either with or without bacon fat. 

BAKED CUSTARD 

In baked custard, ground egg shell of 140 sieve size was not recognized 
as gritty by the panel and, therefore, the test was not repeated with egg 
shell of finer granulation. Even though baked custard has a smooth texture 
in which any rough particles of egg shell would be noticeable, under the 
conditions of this experiment the large quantity of liquid in the recipe 
apparently was capable of dissolving the calcium carbonate of egg shell 
during the long baking period. The flavor of the product and general 
preference as indicated by the panel were not affected by the addition of 
ground egg shell to dried egg used in baked custard. 


TABLE 5 

Effect of Ground Eejg Shell ^ on Coohing Quality of Dried Whole Egg an 
Determined hy Physical and Chemical Tests 


Quality studied 

Variable 

Number 
ot tests 

Avernpe 

Stan dard 
deviation 

“t” 

value 

of haluMl ('ustard 

With e^r^^ shell 

30 

30.0 mm. 

0.00 



W'^itliout shell 

3(> 

30.3 mm. 

1.10 

].20 

Volume of foundation cake 

Witli ejrjr shell 

12 

034 ml. 

0.3 



Without efi:i; shell 

12 

044 in 1. 

11.1) 

1 .1)7 

pIT of yeast rolls 

With ej?j? shell 

() 

0.80 ])IT 

0.037 



Williout etfK shell 

6 

0.74 pTf 

0.048 

2.43" 

Volume of ])Oi)Overs 

With e^^ shell 

00 

20] ml. 

11.1 



Without ejyjj shell 

00 

101 ml. 

n.3 

3.00“ 

Consist (‘iK'v of niayomiaisc 

With viitx sliell 

0 

3.40 cm. 

0.13 



Without ejrj; slu'll 

9 

3.20 em. 

0.11 

3.01“ 


^ liisn'vcd slu'll was in popovnrx, caKf. rii'^taid, nnd iniiyonnaisc ; \(i. 1 5 n kIcvi’ si/n 

was iisi-d for yeast rolls. “ Siyaificttiii at tlio five-pfr onit Icvcd, •' Significant at the onn-per cent level. 


The coagulating ability of dried egg, as measured by llie height of baked 
custards, was not altered favorably or unfavorably by addition of ground 
egg shell. The average heights for .‘16 samples witli ground sliell and 86 
samples without ground shell were 80 and 80.8 millimeters, respectively, 
(Table 5). 

ICE CREAM 

The results of 84 tests by a panel of nine to 10 judges indicated that 
ground egg shell of No. 140 sieve size has no effect on the flavor or texture 
of vanilla refrigerator ice cream. Most of the judges noted no difference 
in these quality characteristics when paired sami)les, with and without 
ground egg shell, were tested. 

FOUNDATION CAKE AND MUFFINS 

In the preliminary tests there was an indication that the addition of 
unsifted ground egg shell had a detrimental effect on the texture of founda- 
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tion cake made with dried egg. However, further tests by a panel of seven 
judges on over 300 paired samples of cake made with and without ground 
egg shell of No. 100 sieve size revealed no significant differences in texture 
or in flavor and general preference. The average%olume of 12 cakes made 
with added ground egg shell was 634 milliliters as compared with an average 
volume of 644 milliliters for 12 cakes without shell, a difference which was 
statistically insignificant. 

The use of ground egg shell of No. 100 sieve size in muffins likewise pro- 
duced insignificant differences in flavor, texture, and general preference as 
noted by the judging panel. 

YEAST ROLLS 

Yeast rolls made without and with ground egg shell of No. 140 sieve size 
appeared to be very similar in external color of the crust and in size. When 
paired samples were judged by the panel, about 50 per cent of the opinions 
indicated no differences in the flavor or texture of the products. The 
remainder of the votes for samples with or without egg shell canceled each 
other so that any differences which the judging panel noted were found to 
be statistically insignificant. 

The calcium carbonate of egg shell at the 0.4 per cent concentration 
raised the pH of the crumb from 5.74 to 5.80. This slight increase in pH 
was not enough to affect the stability of any vitamins present or cause any 
appreciable acceleration of ‘‘rope^^ development. 

POPOVERS 

The average volume of popovers made with ground egg shell was sig- 
nificantly larger than the volume of controls made without ground egg shell. 
This is an advantage since the desirability of popovers is directly propor- 
tional to the volume, and the use of dried egg results in slightly smaller 
popover volumes than obtained with fresh shell eggs, Dawson, Wood, and 
McNally (1946). The addition of ground egg shell makes possible the pro- 
duction of popovers with volumes more nearly like those made with fresh 
eggs. 

MAYONNAISE 

The addition of 0.4 per cent ground egg shell decreased slightly the 
emulsifying power of dried whole egg. The average depth of penetration 
of the plummet in the mayonnaise emulsion made with ground egg shell was 
slightly greater than in the control, or 3.49 and 3.29 cm., respectively, a 
difference which was statistically significant. The calcium in ground egg 
shell is antagonistic to sodium present in salt when both are in solution, 
and may prohibit emulsification if in high enough concentration. However, 
the product was only slightly thinner and was acceptable for use. 

SUMMARY 

. Scrambled egg, baked custard, ice cream, foundation cake, muffins, yeast 
rolls, popovers^ and mayonnaise were prepared for a study of the utilization 
of dried egg fortified with calcium from ground egg shell. Samples of each 
product made with and withouj: the addition to the dried egg of 0.4 per cent 
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ground egg shell were compared by sensory, physical, and chemical criteria. 

It was found that the addition of ground egg shell in the concentration 
used did not aifect the palatability or cooking quality of dried egg in most 
food products, provided the shell was ground finely enough to pass through 
a TJ. S. No. 400 sieve with openings of 0.0015 inch. Particles of egg shell 
coarser than this resulted in grittiness in scrambled eggs. Grittiness was 
not noticed in any of the other products, probably owing to the presence 
of other ingredients and longer cooking times. Ground egg shell decreased 
the thickness of mayonnaise and increased the volume of popovers. 
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The use of Phy corny ces hlakesleeanus for the quantitative assay of 
thiamin, described by llamner, Stewart, and Matrone (1943), has proved 
to be efficient and relia,ble in this laboratory in analyses of fruits and vege- 
tables. The cost of equipment to carry out the procedure is far less than 
that required in the chemical, thiochrome procedure. Many laboratories 
do not have the requisite photofiuorometer. In the fungus-growth method 
all the chemicals used are inexpensive except for asparagine, which is not 
the case in the thiochrome method. 

Briefly, the fungus is grown on 25 ml. of a medium composed of mineral 
salts, water, dextrose, and asparagine in 125-ml. conical flasks. After two 
weeks, the mycelial mats produced by growth of the fungus are dried and 
weighed, and the thiamin contents of vegetable extract are read from a 
standard curve simultaneously produced by growth of the fungus in flasks 
to which known amounts of a pure thiamin solution have been added. All 
samples and standards (0.1 to 0.6 microgram of thiamin per flask) are 
carried out with four to six replicates. Since the thiamin content of a 
vegetabhi can vary widely, its extract is usually added at two levels, for 
instance, two and four ml.; five grams of asparagine are used per liter 
of medium in this procedure. 

Where large numbers of samples are analyzed, the cost of the aspara- 
gine is considerable. Glycine, a simpler and far less expensive amino acid, 
was substituted, therefore, for the asparagine on an experimental basis. 

Seven and one-half grams of glycine were substituted for the five grams 
of asparagine, and assays were carried out otherwise exactly according to 
Hamner et al. (1943). The experiment was repeated three times. The 
fungus grow well on the glycine medium to which vegetable extracts had 
been added. It Avas found, however, that the response by the fungus to 
thiamin in the vegetable extracts was not entirely satisfactory because 
(1) pure thiamin added to the extracts gave more than 100 per cent recov- 
eries and (2) the concentration of thiamin read for a four-ml. aliquot 
was more than double that found for a two-ml. aliquot of the vegetable 
extract. In several cases, furthermore, the fungus grew normally when 
supplied with vegetable extract, but little if any when only pure thiamin 
solutions were added to the medium. 

It was next observed that one could use glycine in the medium to which 
were added the extracts of vegetables to be analyzed, while using aspara- 
gine only for the medium used in preparing the standard curve. With this 
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procedure, results were obtained substantially identical with those obtained 
when asparagine was used in the vegetable extract medium. Analytical 
results obtained by comparison with a standard curve derived from an 
asparagine medium by (a) vegetable extracts grown on an asparagine 
medium and (b) extracts grown on a glycine medium are given (Table 1). 


TABLE 1 

Thiamin Content of Foods Determined hp Fungus-Orowth Method 


Food 

Asp»r»fine 

nedium 

Glycine 

medium^ 

Frozen lima .....r-rTT-r.-t -Tr, 

fiQ./lOO gm, 

97 

97 

87 

131 

13.8 

16.5 

13.1 

91 1 

78 1 

tig,/ 100 gm, 

100 

95 

87 

137 

12.2 

20 

15.2 

01 

66 

'F'rnKflii limA. hAATiH 

Froze*' li*«a heans— , 

Frozen lima beans 

Frozen peache** t -t-t-t tt t-*rT 

Frozen peaches,, .-TT.,.-TT-T-„-,.r tt , , 

Frozen peaches - 

Cooked tomatoes 

Cooked tomatoes 



^Vegetable extracts were added to a medium containing glycine but were compared with stand* 
ard curves run with an asparagine medium. See text for explanation. 


It was further noted that, where both two- and four-ml. aliquots of the 
vegetable extract fell on the curve, the thiamin contents for the vegetable 
were identical; that is, the response to four ml. was exactly twice that 
obtained when two ml. were used. It will be seen that the results obtained 
on the two types of media were in good agreement. This phenomenon is 
probably due to the presence in the fruits and vegetables of an excess 
of organic nitrogen of a type utilizable by the fungus. When supplied 
with this nitrogen, the glycine medium is adequate; the factor limiting 
growth, therefore, appears to be thiamin. On the other hand, the standard 
fulfills the same requirement only when asparagine and not glycine alone 
is present. 

The use of glycine in the medium added to the vegetable extracts, while 
retaining the asparagine in the extracts used for the standard curve, has 
the advantage of far lower cost and further superiority in that it can be 
obtained completely thiamin-free, while asparagine used in this laboratory 
often has been found to contain some thiamin which must be corrected by 
a blank determination. 

SUMMARY 

The fungus-growth method for determining thiamin in fruits and vege- 
tables has been found to be satisfactory in the analysis of approximately 
2,000 samples in the laboratory. It was found that glycine, a far cheaper 
amino acid, could be substituted for asparagine in the growth medium to 
which the vegetable extracts are added. It is necessary to use asparagine 
only in the standard calibration employing pure thiamin. 
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The guava (Psidium guajava, L.) is an unusually rich source of ascorbic 
acid. Golberg and Levy (1941) found that ripe and firm guava fruits con- 
tained 300 to 400 mg. of ascorbic acid per 100 grams of fresh fruit. Boyes 
and de Villiers (1942) reported higher values, over 600 mg. per 100 gm. 
of fresh fruit. Guava pulp, therefore, has been considered for fortifying 
fruit bars in Army rations. Because there are considerable losses on stor- 
age, a study of the oxidizing enzymes is of interest, and it is the purpose 
of this paper to consider the enzymatic factors that may be involved. 

Three common enzyme systems in plants, according to Green (1940), 
catalyze the oxidation of ascorbic acid directly or indirectly : ascorbic acid 
oxidase, peroxidase, and phenol oxidases (phenolases). Also, some other 
plant enzymes, e.g., the cytochrome oxidase system and laccase, may be 
capable of oxidizing ascorbic acid. 

EXPERIMENTAL PROCEDURE 

The ascorbic acid content of guavas was previously determined by 
Ballentine’s method (1941). The results obtained showed that it ranged 
from a low of 55 mg. per 100 gm. to a high of 442 mg., depending on the 
variety. 

To determine the retention of ascorbic acid in guavas in storage at 
— 18°C.( — 0.4°P.) samples were prepared in the following manner; The 
guavas were washed, the stem and calyx ends were cut off and discarded, 
and the halved fruit passed through an American Utensil Company tomato 
juicer. This mixture of outer flesh and skin was stored in small sealed 
bottles at — 18° C. A second batch was prepared, but in this instance the 
halved fruits were blanched in steam for ]0 minutes before they were 
passed through the tomato juicer and then placed in small scaled bottles 
and stored at the same temperature. 

Samples were analyzed after they were passed through the juicer and 
each month while they were stored at — 18°C. The initial amount of ascor- 
bic acid in the raw pulp decreased from 354 mg. per 100 gm. of pulp to 
227 mg. per 100 gm. after 115 days of storage. This shows 36 per cent 
loss in reduced ascorbic acid. The blanched samples, which originally con- 
tained 228 mg. ascorbic acid per 100 gm. of pulp, had, after 105 days of 
storage, 211 mg. per 100 gm. This represents a loss of 7.5 per cent in 
reduced ascorbic acid, which may be within the error of sampling. 

The total ascorbic acid (reduced plus dehydroascorbic acid) present in 
the samples was determined by II 2 S reduction. The results showed that 
in the raw samples, 6.7 per cent of the total was in the form of dehydro- 

^Fellow of the College of Agriculture, Universidad de la Habana. 
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ascorbic acid after 100 days in storage at — 18° C., and in the blanched 
samples, 9.4 per cent after 90 days of storage under similar conditions. 
As reported by Cruess, Ilohl, Jimenez, Nichols- Roy, Torres, and Zorrilla 
(1945), loss in ascorbic acid was also observed when the fruit was stored 
in syrup at — 18° C. for several days. 

OXIDIZING ENZYMES PRESENT 

Qualitative Tests: Ground outer flesh and also an enzyme extract of 
such flesh were tested on numerous substrates. The procedure used in 
preparing the enzyme extract was similar to that used by Pouting (1944) 
with other fruits. Fifty grams of peeled outer flesh were blended for two 
or three minutes with 150 ml. of ice water and filtered through coarse filter 
paper. The enzymes present were precijiitated by adding two volumes of 
acetone at — 23°C.( — 9.4°P.). After standing 10 minutes the enzyme pre- 
cipitate was filtered, dissolved in 50 ml. of ice water, and precipitated with 
two volumes of acetone at — 23 °C. After an additional 10 minutes the 
precipitate was filtered again and resuspended in 25 ml. of ice water, yield- 
ing a white suspension. This enzyme extract was used within a few days 
of preparation. 

Positive tests were obtained with catechol, pyrogallol, p-phenylenedi- 
amine, intensified when hydrogen peroxide was added. Negative results 
were obtained with the monohydro-phenolic compounds, and with resorcinol 
and phloroglucinol, even in the presence of hydrogen peroxide. 

LOCATION OF ENZYME IN GUAVA 

To observe distribution of the enzyme, slices of the firm ripe guava were 
tested with four substrates : guaiacol, catechol, benzidine, and p-phenylene- 
diamine. The last one seemed to be the best indicator for this test since the 
color was developed in a relatively short time and it was not too intense. 

Microscopic observations on the location of the enzyme were made on 
free-hand sections since the consistency of the fruit and the presence of 
numerous stone cells and seeds made microtone sections almost impossible. 

The highest oxidase activity seemed to be localized in the inner flesh, 
which is in agreement with the findings of Crist and Batjer (1931) in 
pears. Also the vascular bundles, especially the tissues surrounding the 
fibrovascular bundles, showed high enz^^me activity. Samisch (1935) re- 
ported a similar location for the oxidase present in apricots, and more 
recently Hussein and Cruess (1940) made the same observation in grapes. 
The peel showed almost no activity (Pig. 1). 

DISTRIBUTION OF ASCORBIC ACID IN RELATION TO 
ENZYME ACTIVITY 

The concentration of ascorbic acid in guavas is not uniform but de- 
creases gradually from the flesh next to the skin inward. Oolberg and 
Levy (1941), Boyes and de Villiers (1942), and Webber (1944) have 
reported a similar variation. 

Since the greatest enzyme activity was found in the inner flesh, and 
weak or negative reactions were found in the outer flesh and peel, respec- 
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tively, there appears to be an inverse relationship between the ascorbic 
acid content and enzyme activity. 

PEROXIDASE ACTIVITY 

An Evelyn photoelectric colorimeter was used to measure the effect of 
different factors upon the activity of peroxidase. Guaiacol was chosen 
as substrate because of its stability. The acetate buffer has the advantage 
that the tetraguaiacol formed as a product of the oxidation of guaiacol in 
the presence of the enzyme extract is completely dissolved, thereby giving 
a very clear solution. A 420 m/i filter was used in this work. 



Fio. 1. Enzyme activity in guava fruits — 1 and 3 show two different varieties 
treated with the indicator; 2 and 4 show the same varieties without any treatment. 
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pH: To determine the effect of pH on the actiTity of the guava enzyme 
extract several tests were conducted in acetate buffer solutions of different 
pH’s. The range of the highest activity was from pH 5.0 to 6.0, and the 
optimum was pH 5.5 (Fig. 2). 



Substrate Concentration: The effect of concentration of substrate upon 
the rate at pH 5.5 is shown by plotting log against per cent guaiacol 

T 

(Pig. 3). Up to 0.75 per cent guaiacol concentration, the rate of the reac- 
tion varied almost directly with the substrate concentration, but above this, 
the activity decreased rapidly, which is in agreement with the Michalis- 
Menten law. 

HjOa Concentration: Under the conditions of this experiment the opti- 
mum hydrogen peroxide concentration was 2.5 x 10"* mol. per liter, which 
is quite close to that found by Cruess and Fong (1929) for apricot oxidase. 
In the presence of an excess of hydrogen peroxide the enzyme was either 
destroyed or irrevocably bound (Pig. 4). 

Cyanide and Fluoride: Peroxidase is not especially sensitive to heavy 
metal ions, but is inactivated readily by potassium cyanide. As shown in 
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Fig. 5, 84 per cent of the activity was destroyed by 5.5 X 10 ® mol. of KCN 
per liter. 

The action of fluoride ion on the guava enzyme preparation showed 
that complete inhibition in the presence of sodium fluoride required a con- 
centration of 7X10"^ mol. of NaP per liter. 



Fig. 3. Effect of substrate concentration on activity. 

Temperature: There was a gradual increase of activity between 5 and 
50® C. (41 and 122®F.), after which there was a thermal destruction of the 
enzyme (Fig. 6). 

DEHYDROGENASE ACTIVITY 

Experiments were conducted to determine whether or not dehydrogen- 
ases are present in guava tissues. 

Two different substances were used as substrates: ascorbic acid and 
citric acid. Thunberg tubes were used to ascertain if the tissue or the 
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juice would oxidize any of the substances in the absence of air, with methyl- 
ene blue as hydrogen aceeptor. There was no decoloration of methylene 
blue, even after 24 hours, in the presence of either of the two substances. 
This showed that neither ascorbic acid dehydrogenase nor citric acid dehy- 
drogenase appears to be present in guava flesh. 

ENZYME ACTIVITY — ASCORBIC ACID AS SUBSTRATE 
Ascorbic acid has been employed as a substrate in the determination 
of oxidase activity in fruits and vegetables by Ezell and Gerhardt (1940) 



CO/7C 

Fig. 4. Effect of H2O2 concentration on activity. 

and Sreerangachar (1943). Experimeifts were conducted to determine the 
action of guava and enzyme extracts on ascorbic acid under different con- 
ditions. Water redistilled in Pyrex glass was used in all experiments. The 
Evelyn photoelectric colorimeter was again employed. Because the guava 
extract had a rather low activity with respect to ascorbic acid, Evelyn ^s 
conditions — Evelyn, Malloy, and Kosen (1938) — required modification, 
necessitating determination of a new constant. As check, however, Evelyn ^s 
constant was redetermined also. 

Evelyn’s constant U is derived from the formula k (L' — L") — mg. as- 
corbic acid per 100 ml. of solution, from which Evelyn obtained a value of 
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10.8 for k (10.89 in onr redeterminstion). Under the present conditions, a 
constant of 4.70 was used replacing Evelyn’s 10.8. 

The new constant was determined as follows: A solution of ascorbic 
acid, approximately 50 mg. per 100 ml., was prepared (Solution A). Ten 
ml. of Solution A was equivalent to 9.30 ml. of 0.0056 N iodine solution, 
whence Solution A contained 45.8 mg. per 100 ml. Solution A was then 
diluted as follows: Four ml. of Solution A plus 40 ml. of 0.1 M citrate- 



/CCM /T7o/s//^i/ 

Fio. 5. Effect of KCN on activity. 


oxalate buffer solution plus two mL of M oxalic acid were made to 100 ml. 
(Solution B), which therefore contained 1.83 mg. of ascorbic acid per 100 
ml. of solution. 

Thirteen ml. of dye plus one ml. of oxalic acid plus three ml. of water 
gave a transmission reading of 0.285 (T), equivalent to an optical density 
of 0.545 (L'). 

(a) 13 ml. of dye plus two ml. of Solution B plus two ml. of water 
= 0.450 (T), equivalent to 0.347 (L"). 

(b) 13 ml. of dye plus four ml. of Solution B 
= 0.690 (T), equivalent to 0.161 (L"). 
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(c) 13 ml. of dye plus four ml. of Solution C (2.29 mg. ascorbic acid 
> per 100 ml.) 


Whence 


0.870 (T), equivalent to 0.061 (L"). 


/ _ \ 1 
\aj n. ■ 


1.83 


(b) k = 


0.198 

1.83 

0.384 




■ 4.76 


/ X 1 2.29 

(c) k = -— = 4.71 
0.486 

The average value for the constant k is 4.70. 



Fig. 6. Effect of temperature on enzyme activity. 


Effect of Guava Extract on Ascorbic Acid: A guava extract was pre- 
pared by blending 20 grams of guava outer flesh with 200 ml. of 0.1 M 
oxalate-citrate buffer solution, pH 5.6. This was used either directly or 
after diluting 1 ;4. 

Solutions were prepared as follows: Forty ml. of 0.1 M oxalate-citrate 
buffer solution, pH 5.6, containing the ascorbic acid previously added, were 
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pipetted into a 100-ml. volumetric flask, then two ml. of M oxalic acid 
were added and the mixture made to volume with distilled water. Pour 
ml. of this solution was added to 13 ml. of the dye in duplicate, and a read- 
ing was taken after 15 seconds. 

In the other tests, six ml. of the guava extract was added initially and 
the flask was placed in a water bath at 25°C.(77°P,) for attainment of 
temperature before the addition of the oxalic acid. The addition of the 
guava extract increased slightly the ascorbic acid content in some cases. 
After one hour a loss of about 20 per cent was observed. 


TABLE 1 

Ejfect of Guava and Guava Busy me Extract on Ascorbic Acid 


Tost solution 

Ascorbic acid ox 
BOlU 

Diluted ?uava 

;idi/ed per 
lion at 25 

Cone. 

Kuava 

* 100 ml. buffer 
“C. 

Enzyme 

1 1 

2 

2 

4 

5 

I. Initial plus ascorbic acid present 

tWf/. 

mff. 

mff. 

mg. 

mg. 

in extract 

1.43 

1.33 

2.03 

1.16 

1.42 

II. (a) Loss in one hour 

0.05 

0.33 

0.27 

0.04 

0.24 

(b) Loss using boiled extract 

0.00 

0.00 

0.00 

0.00 

0.00 

III. Plus catechol 






(a) Ix)ss in one hour 

0.57 

0.64 

0.86 

0.44 

0.43 

(b) Loss using boiled extract 

0.00 

0.00 

0.00 

0.00 

0.00 

IV. Plus catechol and 11202 






(a) Loss in one hour 

0.76 

1.33 

2.02 

1.08 

1.42 

(b) Loss using boiled enzyme 

0.00 

0.00 

0.00 

0.00 

0.00 

V. Plus hydrogen peroxide 






(a) Loss in one hour 



0.36 

0.05 

0.22 

VI. Controls (without guava or enzyme 






extract) ; loss in one hour 






(a) Catechol 

0.00 

0.00 

0.00 

0.02 

0.00 

(b) Catechol + 

0.00 

0.00 

0.00 

0.00 

0.00 

(c) Hydrogen peroxide 

0.00 

0.00 

0.00 

0.00 

0.00 


As shown (Table 1, Columns 1, 2, and 3) the addition of catechol caused 
an average loss of about 40 per cent. The amount of catechol used in each 
of these tests was eight mg., which, as previously determined, produced 
substantial oxidation of the ascorbic acid. The effect of catechol plus hydro- 
gen peroxide was also considered. Hydrogen peroxide was added to give a 
concentration of 2.2X10"® mol. per liter, about the optimum found in pre- 
vious experiments, and this caused almost complete destruction. However, 
with guava extract to which only hydrogen peroxide had been added, about 
18 per cent of the ascorbic acid present was lost, which is comparable with 
the loss from guava extract alone. Neither catechol nor hydrogen peroxide 
had any effect on ascorbic acid when used in the absence of the guava 
extract. 

Effect of Enzyme Extract on Ascorbic Acid: The guava enzyme extract 
prepared by the same method described under ‘‘Qualitative Tests, was 
also used. Results comparable with the ones obtained when using guava 
extract are shown (Table 1, Columns 4 and 5). 
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CONCLUSIONS 

The results obtained with both enzyme extract and guava extract favor 
the view that three enzyme systems — ascorbic acid oxidase, polyphenol 
oxidase, and peroxidase — are present in guava because (1) the loss in the 
presence of guava extract and enzyme extract alone is not increased by 
the addition of hydrogen peroxide, which would be expected if the system 
were oxidizing its naturally occurring phenolic substrates. This is evidence 
for the presence of ascorbic acid oxidase. (2) The addition of catechol 
produced an increase in the amount of ascorbic acid lost. That can take 
place only when an enzyme system capable of oxidizing phenolic substances 
is present, indicating the presence of polyphenol oxidase. (3) The addi- 
tion of hj^drogen peroxide in the presence of added catechol caused a 
marked increase in the amount of ascorbic acid lost. This result as well as 
those obtained when determining peroxidase activity under the action of 
several agents confirm the presence of peroxidase in guava tissues. 

SUMMARY 

The high ascorbic acid content of pulped fresh guava, when frozen, 
decreased fairly rapidly, one third or more of the initial (350 mg. per 
100 gm.) being lost in the first month of storage. The rate was appreciably" 
lower after this period. After four months of storage under similar condi- 
tions, the blanched, pulped guava, which originally contained 228 mg. 
per 100 gm., had lost only 7.5 per cent in reduced ascorbic acid. 

Three enzyme systems seem to be present in guava flesh : ascorbic acid 
oxidase, polyphenol oxidase, and peroxidase. 

Citric acid dehydrogenase and ascorbic acid dehydrogenase do not ap- 
pear to be present in guava flesh. 

The highest enzyme activity is located in the inner flesh and surround- 
ing the vascular bundles. The highest ascorbic acid content is located in 
the skin and outer flesh. 
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Prior to 1941 less than a half million pounds of spray-dried whole-egg 
powder was produced annually in the United States. Most of this went 
into bakery products and prepared mixes. By 1941 World War II had 
increased the demand for a nutritious, easily transportable egg product 
of good keeping quality. In that year the annual production of spray- 
dried whole-egg powder reached 31,000,000 pounds. In 1942 it reached 
226,000,000 pounds. 

Distribution of egg powder on battle fronts and among civilian popu- 
lations in foreign countries soon introduced unusual handling and storage 
problems. Other problems arose as new ways of preparing the powder for 
direct consumption were devised and as the ravages of war interfered with 
normal kitchen practices. Powder was frequently consumed which had 
received little or no heat treatment. Manifestly, more attention had to be 
given to microbiological quality than had been given in previous years, 
when egg powder was used principally as an ingredient in foods which 
were subjected to temperatures lethal to most contaminating, vegetative- 
type organisms. Hence, it was not surprising that the wartime agencies 
charged with the manufacture, purchase, distribution, and utilization of 
spray-dried whole-egg powder should be interested in its microbial content 
and in the types of contaminants which might affect its keeping quality 
and wholesomeness. This type of information was not available in 1941- 
1942 for the reason that microbiological research in the egg-dehydration 
industry had not kept pace with technical developments. As a step toward 
the acquisition of needed information, several thousand samples of spray- 
dried whole-egg powder were examined by microbiological methods between 
September 1, 1943, and January 1, 1945. All samples represented lots of 
powder manufactured from unpasteurized, liquid whole egg according to 
United States Department of Agriculture (1943) and War Pood Admin- 
istration (1944) purchase specifications. They were examined for plate 
(viable cell) and direct microscopic (viable and dead cell) counts, Hal- 
monella species, Escherichia coli, molds, and therm ophiles. Only the plate- 
and direct-count findings are presented in this paper. 

For the most part, the findings are presented in tables. Variations in 
arithmetical averages and in distributions of the plate and direct counts 

^Undertaken in cooperation with tho Poultry Branch, Production and Marketing 
Administration, United States Department of Agriculture, Washington, D. C. 

“Present address: Eckels College of Mortuary Science, Inc., Philadelphia, Pa. 
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are shown for each of the 16 months of the investigation; for the East 
North Central, West North Central, and South Central Divisions of the 
United States; and according to the age of the samples. Findings for 43 
individual plants are treated briefly. Throughout the report, an effort has 
been made to present the plate and direct counts in relation to the unoffi- 
cial, tentative, maximum plate-count (300,000 organisms per gram) and 
direct-count (10,000,000 organisms per gram) standards which the indus- 
try was encouraged to meet in 1942-1944. They have also been presented 
in relation to the tentative, maximum plate-count and direct-count stand- 
ards (300,000 and 15,000,000, respectively) which were incorporated in 
the 1945 WFA purchase specifications. This was done to facilitate com- 
parisons which control bacteriologists might wish to make in evaluating 
progress within the industry. It was also done because of the fact that 
the 1943-1944 direct-count findings were partially responsible for the deci- 
sion to increase the tentative, maximum, direct-count standard to 15,000,000 
in 1945. 

Samples were collected and forwarded to the laboratory by resident 
government inspectors. Each sample was composited from portions of 
powder intermittently collected at the time of manufacture. Each rep- 
resented one to five U.S.D.A. lots (8,000- to 40,000-pound quantities). 
With few exceptions, samples were examined within 24 to 72 hours of 
receipt. 

The procedures followed in making the plate and direct counts have 
been described in a recent publication by McParlane, Watson, and Gores- 
line (1945). 

RESULTS 

Plate- and Direct-Count Averages, by Months: In 1943, December had 
the highest plate- and direct-count averages of any of the four months 
for which data were available (Table 1). The ratio of the storage shell-egg 
liquid to fresh shell-egg liquid dried was also highest for this month 
(Table 2). 

In 1944 the monthly plate-count averages ranged from 80,000 to 
1,063,000 organisms per gram. They began decreasing the first of the 
year, reached a low in April, and increased slightly during May, June, 
and July. There was a sharp increase in August, and the trend continued 
upward through November, The lowest averages were obtained in the 
March-August period. The highest average for 1944, 1,063,000 per gram, 
was obtained in November. This high monthly average could not be ex- 
plained by the inclusion of a few sporadic high counts in the calculation. 
Examination of the individual plant findings revealed that in general 
counts were proportionately higher for lots of powder manufactured in 
this month. Moreover, the ratio of the storage shell-egg liquid to fresh 
shell-egg liquid dried was higher in November than in any of the other 
months in 1944. 

No monthly direct-count averages (Table 1) were below 10,000,000. In 
1944 they were below 15,000,000 in March, April, May, June, July, Sep- 
tember, and December. Both February and November averages were un- 
usually high. Cold-storage feggs were undoubtedly responsible for the high 
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November average but this explanation does not seem to account for the 
February average. It was noted, however, that in February 51 samples 
had counts greater than 50,000,000 organisms per gram and that three 
dehydration plants contributed approximately half of these samples. One 
sample had a count of 2,000,000,000; another a count of 4,192,000,000. 
With the exceptions of February and August, those months which had 
plate-count averages below 300,000 had direct-count averages below 15,- 
000,000. Only one month, December, 1944, had a direct-count average 
below 15,000,000 and a plate-count average above 300,000. Monthly direct- 
count averages were less regular in their seasonal trends than the monthly 
plate-count averages. Direct counts reached greater extremes than plate 
counts, and their arithmetical averages for this reason were more variable 
from month to month and less reflective of seasonal influences. 


TABLE 1 

Plate-Count and Direct-Count Averages, by Months 


Month 

1 Plate count4i 

1 Direct counts 

Number 
plants con- 
tributinjj 
samples 

Number 

samples 

examined 

Average 
plate 
count 
(per gram) 

Number 
plants con- 
tributing 
samples 

Number 

samples 

examined 

Average 
direct 
count 
( per gram ) 

1943 







September 

14 

136 

397,000 

14 

136 

15,350,000 

October 

29 

217 

570,000 

29 

217 

21,870,000 

November 

29 

323 

585,000 

29 

265 

18,010,000 

December 

29 

215 

822,000 

29 

215 

25,960,000 

1944 







J anuary 

68 

444 

382,000 

65 

394 

15,350,000 

February 

78 

698 

190,000 

75 

526 

29,930,000 

March 

62 

520 

143,000 

59 

412 

11,940,000 

April 

64 

531 

80,000 

62 

489 

10,190,000 

May 

67 

565 

89,000 

67 

512 

14,490,000 

J une 

68 

567 

83,000 

65 

527 

11,070,000 

J uly 

63 

523 

93,000 

63 

523 

11,110,000 

August 

65 

605 

124,000 

65 

605 

17,060,000 

September 

64 

475 

202,000 

64 

475 i 

13,110,000 

October 

59 

380 

513,000 

59 

380 

16,260,000 

November 

41 

222 

1,063,000 

41 

222 

27,870,000 

December 

27 

134 

' 573.000 

27 

134 

14.720.000 


Bureau of Agricultural Economics figures for the production of dried 
eggs from the different sources of liquid egg, by months, from September 
1943 to December 1944, inclusive, are given (Table 2). A comparison of 
these data with those in Table 1 reveals that the monthly average counts 
varied with the sources of the liquid egg, that is, the averages decreased 
as the proportions of fresh shell-egg liquid to frozen-egg and storage shell- 
egg liquids dried each month increased. In April, 98 per cent of the powder 
was manufactured from fresh shell-egg liquid and only two per cent from 
frozen-egg and storage sheU-egg liquids. April had the lowest plate- and 
direct-count averages. Starting in May, the monthly average counts began 
to go up as the proportions of the monthly powder productions from 
frozen-egg and storage shell-egg liquids began to increase, and as the 
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proportions from fresh shell-egg liquid began to decrease. In months in 
which the counts were high, such as in October, November, and December 
1944, 60 to 80 per cent of the powder was manufactured from frozen-egg 
and storage shell-egg liquids. The relationship between the monthly aver- 
age counts and the sources of the liquid egg dried was more regularly 


TABLE 2 

Production of Dried Whole Epp, by Months ^ 


Honth 

From 

fresh 

shell-egg 

liquid 

From 

frozen- 

liquid 

From 

storage 

shell-egg 

liquid 

Total 

liquid 

dried 

1943 





September 

7,373’ 

7,432 

4,857 

19,662 


(37.3%) 1 

(37.8%) 

(24.7%) 


October 

4,49r> 

8,717 

9,847 

23,060 


(MKr>%') 

(37.8%) 

(42.7%) 


November 

3,783 

9,986 

8,226 

21,995 


(17.2%) 

(4.5.4%) 

(37.4%) 


December 

1,929 

13,273 

5,736 

20,935 


(9.2%) 

(63.3%) 

(27.47o) 


1944 





J anuary 

12,845 

5,994 

2,569 

21,408 


(60.0%) 

(28.0%) 

(12.0%) 


February 

24,062 

629 

478 

2e5,169 


(95.6%) 

(2.5%) 

(1.9%) 


March 

29,570 

576 

151 

30,297 


(97.6%) 

(1.9%) 

(0.5%) 


April 

29,730 

545 

30 

30,305 


(98.1%) 

(1.8%) 

(0.1%) 


May 

32,076 

396 

562 

33,034 


(97.1%) 

(1.2%) 

(1.7%) 


June 

29,624 

602 

1,457 

31,683 


(93.5%) 

(1.9%) 

(4.6%) 


July 

24,570 

2,964 

3,025 

30,559 


(80.4%) 

(9.7%) 

(9.9%) 


August 

23,134 

6,019 

4,472 

33,625 


(68.8%) 

(17.9%) 

(13.3%) 


September 

12,024 

7,958 

4,657 

24,639 


(48.8%) 

(32.3%) 

(17.9%) 


October 

9,453 

8,062 

6,058 

23,573 


(40.1%) 

(34.2%) 

(25.7%) 


November 

.5,514 

6,478 

4,617 

16,609 


(33.2%) 

(39.0%) 

(27.8%) 


December 

2,104 

7,138 

1,225 

10,467 


(20.1%) 

(68.2%) 

(11.7%) 


Total 

252,284 

(63.5%) 

86,769 

(21.9%) 

57,967 

(14.6%) 

397,020 


^ Bureau of Agricultural Economics production figures. * Figures given in pounds. 


reflected by the plate-count averages than by the direct-count averages. 

Plate- and Direct-Count Frequency Distributions, by Months: Plate 
counts were made on 6,555 samples. These were received from 101 dehy- 
dration plants located in 26 states. Plate counts ranged from less than 
1,000 to 105,000,000 organisms per gram. Approximately 57 per cent of 
the samples had counts less than 100,000 per gram, 81 per cent less than 
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300.000, and 88 per cent less than 500,000. Breakdowns of the samples on 
a monthly basis according to the numbers and percentages which had 
counts less than ( < ) and greater than ( > ) 100,000, 300,000, and 500,000 
are shown (Table 3). Values of 100,000 and 500,000 were introduced for 
purposes of comparison with the tentative, maximum plate count of 300,000 
microorganisms per gram because they had been discussed at one time or 
another as possible standards. The Canadian total viable-count standard 
for Grade A powder was 500,000 per gram, Johns (1944) and Special 
Products Board (1944). In the Canadian procedure the plates were incu- 
bated for 48 hours at 37°C. (98.6°P.), whereas in the procedure followed 
in this study the plates were incubated for 72 hours at 30°C.(86°F.). As 
may be noted (Table 3), higher percentages of acceptable samples were 
manufactured during March, April, May, June, July, and August than 
during the remaining six months of the year. This held true whether 

100.000, 300,000, or 500,000 organisms per gram was considered the desir- 
able maximum count. Furthermore, a greater number of dehydration 
plants were able to produce lots of powder with monthly average plate 
counts under 300,000 per gram in the March- August period. 

The monthly percentages (Table 3) show a seasonal relationship which 
rather closely parallels that for egg production; that is, more acceptable 
lots of powder, based on plate counts, were produced in months of high 
egg production. Bureau of Agricultural Economics egg-production figures 
for each month of the investigation arc given below for comparison. 


PRODUCTION OP INDIVIDUAL SHELL EGGS. BY MONTHS 


1943 

1944 


mUlion/t 


miUionH 


millions 


millions 

Sept . 

3,336 

.Tan. 

4,492 

May , 

6,744 

Sept. 

3,533 

Oct. . 

3,012 

Feb. 

5,407 

June . 


Oct. , 

3,292 

Nov. . 

2J47 

Mar. 

6^829 

July . 

4,668 

Nov. , 





Anr_ 

. 7.040 


4.03.5 

Dot*. 

3.412 

T 1 r * 1 

1 o 1 



Direct counts were made on 6,032 of the samples. They ranged from 
less than 1,000,000 to 4,192,000,000 organisms per gram. Approximately 
75 per cent of the direct counts were less than 10,000,000, per gram and 
83 per cent less than 15,000,0(K). Breakdowns of the samples on a monthly 
basis according to the numbers and percentages which had counts less than 
and greater than 10,000,000 and 15,000,000 are shown (Table 4). More 
acceptable lots of powder based on direct counts were produced in months 
of high shell-egg production. However, as expressed in terms of monthly 
productions, the percentages of samples' meeting the direct-count standards 
(Table 4) were less regular in their seasonal trends than the percentages 
of samples meeting the plate-count standards (Table 3). 

Distribution ranges of the counts by months are shown (Tables 5 and 6) ; 
the particular ranges were selected for the purpose of demonstrating some 
of the more salient features of the gross distributions. The number of sam- 
ples (counts) falling within each range is enumerated. The data as arranged 
in each table simulate a graphic display of the seasonal variations in the 
microbial counts in egg powder. Large numbers of samples had counts 
in the lowest distribution ranges in those months in which the highest 
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percentages of samples met the tentative standards. As noted before, these 
were months of high shell-egg production. They were also the months in 
which the far greater proportion of powder production was from fresh 
shell-egg liquid. 

Plate- and Direct-Count Frequency Distribution, by Plants: Distribu- 
tion ranges of the plate and direct counts are given (Tables 7 and 8) for 
43 plants which forwarded 50 or more samples. Considering the innumer- 
able variations in the structure and operation of spray driers, it is not 
surprising that there was a variety of distribution patterns. Each plant 
displayed characteristic individuality. 

A few plants produced egg powders of uniformly good, microbial qual- 
ity from the standpoint of the unofficial plate- and direct-count standards ; 
for example, plate counts on 88 samples received from plant No. 1 ranged 
from 1,000 to 289,000 with 10 above 100,000. Seven of the 10 plate counts 
which exceeded 100,000 were obtained on samples manufactured during 
the first two months of the study. Direct counts, made on 72 of the 88 
samples, ranged from less than 1,000,000 to 12,000,000, with only one above 
10,000,000. Plate counts on the 96 samples received from plant No. 29 
ranged from 7,000 to 264,000, with six above 100,000. The direct counts 
on these same samples ranged from less than 1,000,000 to 14,000,000, with 
only four above 10,000,000. 

Some plants, illustrated by Nos. 4, 7, 17, 20, 24, 30, 35, and 38, rather 
consistently produced lots of high-count powder. Others which started out 
in 1943 or in the early part of 1944 to produce reasonably low-count pow- 
ders produced high-count powders during the latter part of the 1944 season. 
High-count powders produced in the latter months of 1944 by Plants 11, 
12, 37, 42, and others cannot be entirely explained by conditions beyond 
the manufacturers^ control, which existed in the industry at that time. 

In spite of wartime handicaps, there were dehydration plants which 
exercised care in the selection of eggs and which followed efficient and 
sanitary operating practices. These plants produced high percentages of 
samples which met both the plate- and the direct-count, unofficial, tentative 
standards of 1942-1944. Ninety-four to 100 per cent of the samples from 
Plants 1, 10, 15, 29, and 36 and 81 to 89 per cent of samples from Plants 
6, 13, 21, 22, 32, 39, 40, 41, and 43 met both standards. In contrast, only 
9 to 30 per cent of the samples examined from Plants 4, 7, 17, 20, 24, 30, 
35, and 38 met standards. These eight plants are recorded above as having 
consistently produced lots of high-count powder. It is interesting that 
neither the *‘good’^ nor the ‘‘poor'* plants were grouped in a limited area. 
The 14 “good'' plants were located in nine midwestern states, including 
the southern and northern states of Texas and Minnesota; the eight “poor" 
plants were in seven states. In three instances “good" and “poor" plants 
operated in the same states. Plants 40 (good) and 20 (poor) were in the 
same city. 

No attempt was made to determine whether the monthly plate- and 
direct-count distribution ranges for individual plants refiected a seasonal 
infiuence, mainly because of the small numbers of samples examined per 
plant. Monthly average counts calculated for Plants 13, 17, 21, 22, 24, 25, 
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TABLE 4 

Monthly Incidence of Samples Which Had Direct Counts Less Than and 
Greater Than 10,000,000 and 15,000,000 


Month 

MTumber 

samples 

examined 

1 Samples which had direct counts 

<10,000,000 

1 >10,000,000 

<15,000,000 

1 >15,000,000 

1943 



pet. 


pet. 


pet. 


pet. 

Sept 

136 

100 

73.5 

36 

26.5 

112 

82.4 

24 

17.6 

Oct 

217 

122 

56.2 

95 

43.8 

148 

68.2 

69 

31.8 

Nov 

265 

187 

70.6 

78 

29.4 

199 

75.1 

66 

24.9 

Dec 

215 

125 

58.1 

90 

41.9 

138 

64.3 

77 

35.7 

1944 










Jan 

394 

306 

77.7 

88 

22.3 

327 

83.0 

67 

17.0 

Fob 

526 

410 

77.9 

116 

22.1 

429 

81.6 

97 

18.4 

March 

412 

352 

85.4 

60 

14.6 

366 

88.8 

46 

11.2 

April 

489 

422 

86.3 

67 

13.7 

433 

88.5 

56 

11.5 

May 

512 

428 

83.6 

84 

16.4 

447 

87.3 

65 

12.7 

June 

527 

385 

73.1 

142 

26.9 

443 

84.1 

84 

15.9 

July 

523 

432 

82.6 

91 

17.4 

467 

89.3 

56 

10.7 

Aug 

605 

427 

70.6 

178 

29.4 

498 

82.3 

107 

17.7 

Sept 

475 

341 

71.8 

134 

28.2 

397 

83.6 

78 

16.4 

Oct 

380 

260 

68.4 

120 

31.6 

319 

84.0 

61 

16.0 

Nov 

222 

132 

59.5 

90 

40.5 

162 

73.0 

60 

27.0 

Doc 

134 

80 

59.7 

54 

40.3 

98 

73.1 

36 

26.9 

Total 

6.032 

4,509 

74.8 

1.523 

on o 

4,983 

82.6 

1.049 

17.4 


TABLE 5 


Plate-Count Distribution Manges, by Months 


Month 

j Number of counts falling within the range 

0- 

50,000 

50,001- 

100,000 

100,001- 

200,000 

200,001- 

300,000 

tH O 

oo 

oo^ 

o"o‘ 

oo 

CO 'Il< 

400,001- 

500,000 

000‘000‘T 

-100*003 

1,000,001- 

over 

1943 









September 

9 

23 

38 

20 

14 

4 

19 

9 

October 

8 

14 

44 

39 

11 

17 

53 

31 

November 

20 

32 

52 

62 

35 

21 

68 

33 

December 

5 

11 

36 

36 

19 

14 

46 

48 

1944 









January 

141 

52 

80 

25 

34 

17 

44 

51 

February 

335 

131 

95 

32 

37 

16 

34 

18 

March 

298 

92 

55 

13 

15 

13 

22 

12 

April 

349 

79 

56 

19 

7 

7 

11 

3 

May 

370 

84 

55 

25 

8 

7 

n 

5 

June 

319 

128 

74 

25 

8 

0 

10 

3 

July 

239 

172 

86 

15 

2 

0 

6 

3 

August 

218 

192 

139 

25 

11 

6 

6 

8 

September 

82 

151 

127 

42 

20 

15 

23 

15 

October 

42 

62 

109 

56 

24 

14 

38 

35 

November 

13 

23 

37 

26 

25 

24 

43 

31 

December 

18 

13 

25 

9 

6 

7 

24 

32 

Total 

2.466 

1.259 

1,108 

469 

276 

182 

458 

337 







Direct-Count Distribution 'Ranges^ by Months 


Number of counts falling within the range 

JOAO 

-100*000*001 

rH f-H r-H CM rH rH rH 

174 

000*000*001 

-100*000*06 

rHrHCOCO lO^CMOClCOTHrHCMrHOO 

Oi 

Cl 

000*000*06 

-I00‘000*0H 

COlOCMOCMCMrHOrH'^CMi-l 

36 

000*000*08 

-100*000*01 

CleOCM<OrHCMCOCOCOeOf-H<M 

49 

000*000*01 

-100*000*09 

'^CO-^CO(MCO«Mkr5»it)lOMCO 

09 

000*000*09 

-TOO‘000‘09 

COlOCMrHCOCOCOCMrHCOeOC'l 


000*000*02 

-100*000*01^ 

r-<»OrHCO OOTliOO»f:)t^lOOiU:>kOxt<l>.CO 

rH 

90 

000*000*01' 

-ioo‘ooo*oc 

CO lo t'- rH »0 O as Oi Cl lO 

rH tH Cl rH 

126 

ooo‘ooo*or. 

•ioo‘ooo*or. 

00<MOCOC1 
rH rH rH rH rH rH Cl rH CO iH rH tH 

1^ 

Cl 

Cl 

o()()*ooo‘<»r, 
-100*000*2 1 

6 

17 

10 

9 

9 

17 

5 

11 

11 

2o 

15 

22 

13 

15 

19 

7 

rH 

rH 

Cl 

000 * 000*2 r 
-100*000*01 

OICOOICO rHOiH^rHOaOOXOrHCOOiOOO 

rHClrHrH (MiHrHfHrHIOCOt--lO»OCOrH 

474 

000*000*01 

-100*000*2 

O r»H O <M CO Cl CJ t'- CO rH to 

lO OO CO Cl CO CO C5 1C CO Cl 0:1 Cl t- CO 

rH rH Cl tH rH 

10 

Ol 

rH 

000*000*2 

-0 

COClCOrH COOC>OOSCOCO»CH<0>»COOCO 

'Tt<-HOt^COCOCOO‘OCO»0'^ 
rH rH -,<M CO CO CO CO Cl Cl Cl rH rH 

rH 

0 ^ 

Ct^ 

Month 

1943 

September 

October 

November 

December 

1944 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Total 
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TABLE 7 

Plate-Count Distribution JRanges, by Plants 



















Direct-Count Distribution Eanges, by Plants 
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27, and 37 displayed differences corresponding in order and degree to those 
displayed in Table 1. 

Plate- and Direct-Count Averages and Distributions, by U. 8, Divisions: 
Samples from the South Central Division had the lowest plate- and direct- 
count averages; samples from the East North Central had the highest 
(Table 9). By the same token, more samples from the South Central Divi- 
sion than from either of the other two divisions met the tentative plate- and 
direct-count standards (Table 10). Plate- and direct-count averages and 
distributions were given only for the three midwestern divisions because it 
was felt that the numbers of samples examined from other U. S. divisions 
were too few to be representative of their respective productions. 


TABUE 9 

Average Plate and Direct Counta on Samples From East North Central^ West 
North Central f and South Central Divisions of the United States 




Plate 



Direct 


Division 

Number of 
plants con- 
tributinif 
samples 

Number 

of 

samples 

examined 

Average 
plate 
count 
(per gram) 

Number of 
plants con- 
tributing 
sampler 

Number 

of 

samples 

examined 

Average 
direct 
epunt 
(per gram) 

East North Ccmtral 
(Ohio, Ind., 111., 

Mich., and Wis.) 

26 

1,726 

412,000 

26 

1,569 

29,862,000 

West North Central 
(Minn., Iowa, Mo., 

N. Dak., 8. Dak., 
Nebr., and Kans.) 

40 

1,028 

251,000 

39 

1,684 

16,568,000 

South Central 
(Ky., Tenn., Ala., 
Miss., Ark., La., 

Okla.. and Tex.) 

25 

2.324 

182.000 

25 

2.215 

7.862.000 


TABLE 10 

Distribution of Plate and Direct Counts on Samples From East North Central, 
West North Central, and South Central Divisions of the United States^ 


Samples which had 


Division 

Plate counts 

1 Direct counts 

<300,000 

<10,000,000 

<15,000,000 



pet. 


pet. 


pet. 

East North Central 

1,169 

67.7 

953 

60.7 

1,088 

69.3 

West North Central 

1,609 

83.5 

1,226 

72.8 1 

1,350 

80.2 

South Central 

1,968 

84.7 

1,880 

84.9 1 

2.053 

92.7 


^ Plate and direct counts are considered independently. 


Plate-Count Averages and Distributions of Samples According to Age: 
Arithmetical averages of the plate counts were computed for samples of 
the same age in days. The age of each sample was calculated from the date 
of manufacture (or, if composited from more than one U.S.D.A. lot, from 
the date of manufacture of the last lot included) to the day of examination. 
Because of insufficient information, the age of every sample could not be 
determined. Samples of knoWn age ranged from one to 43 days. 
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There was a trend (Table 11) for the samples in the older age groups 
to have the lower average plate counts, and for the age groups which had 
the lower average counts to contain the higher percentages of samples 
which met the tentative plate-count standard. The tabular data also indi- 
cate that the rate of destruction of viable organisms in the samples might 
have been greatest during the first few days of the holding period. These 
findings are similar to those which might be expected in a routine powder- 
storage study of the same duration. They are in line with data published 
by Gibbons and Fulton (1943), Johns (1944), and Stuart, Goresline, 
Smart, and Dawson (1945) for the higher holding temperatures. It should 
be remembered, however, that in this study the samples of the same age 
may have been manufactured in several different plants and/or at different 
times of the year. This may well explain why the samples of a successive 
age period did not always show the anticipated decrease in average plate 
count. For example, the 660 nine-day-old samples had an average plate 
count of 191,000 per gram; the 558 10-day-old samples had an average of 

297.000. Some of the age groups contained very few samples. Only 158 
18- to 43-day-old samples were examined. They had an average plate count 
of 141,000 per gram. Ninety-two per cent had plate counts less than 

300.000. 

TABLP] 11 


Plafe-Comit Averages avd Distrihiiiions of tramples According io Age 


Age 

NurnlMM- of 
fMimi'los of 
samo age 

Avorapo 
count 
(iK'r pram) 

SoinT>1t‘s 
which had 
plate countJ« 

< 300,000 

dai/fi 

o 

10 

1,091,000 

prf. 

a 

61 

678,000 

67.2 

4 

213 

999,000 

65.7 

n 

510 

388,000 

71.8 

6 

878 

310,000 

78.6 

7 

1013 

237,000 

80.7 

8 

806 

202,000 

82.6 

9 

660 

191,000 

83.9 

10 

558 

297,000 

82.6 

11 

462 

146,000 

90.3 

12 

310 

141,000 

86.8 

13 

226 

232,000 

83.6 

14 

124 

130,000 

87.9 

15 

67 

131,000 

88.1 

16 

65 

213,000 

84.6 

17 

61 

136,000 

86.9 


•DISCUSSION 

It was believed that this investigation would reveal seasonal differences 
in the degree of contamination of spray-dried whole-egg powder. Colder 
seasonal weather should cause a reduction in the rate of multiplication 
of bacterial cells in shell and liquid eggs and a reduction in the rate of 
death in shell, liquid, and dried eggs. This action might bring about an 
increase in the ratio of viable to total (viable and dead) cells in these 
products. Plate- and direct-count monthly averages would be expected to 
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increase as the proportions of the frozen and cold-storage shell-egg liquids 
to the fresh shell-egg liquid dehydrated each month increase. The reason- 
ableness of these expectations for the conditions of manufacture is sup- 
ported by the data (Tables 1, 2, 3, 4, 5, and 6). 

The markedly increased microbial contamination apparent in the fall 
and winter of 1943-1944 may be principally attributed to the quality of 
the eggs available for dehydration. It is known that all shell eggs were 
not properly handled during the peak laying seasons in 1943-1944 because 
of increased production, shortage of egg cases, delayed transportation, and 
scarcity of labor. Moreover, cold-storage and freezing facilities were inad- 
equate for establishing backlogs of high-quality storage and frozen eggs 
for fall and winter drying. Although sanitary practices were being pro- 
gressively improved in the egg-dehydration industry, there were other 
factors closely associated with the manufacture of powder which affected 
the over-all plate- and direct-count picture during the period of the investi- 
gation. Various types of driers — Barnhill, Douthitt, Rogers, Majonnier, 
and modifications of these — were in operation. Some were less efficient 
than others in lowering the microbial content of the egg substance. 
Processing procedures were being continually changed in an endeavor to 
improve the quality of the powder and the efficiency of operation and to 
increase production. Shortages existed in equipment and in cold-storage 
space for packaged powder. 

A preliminary survey of the plate- and direct-count findings in 1944 
disclosed that more samples were able to meet a maximum plate-count 
standard of 300,000 organisms per gram than a maximum, direct-count 
standard of 10,000,000. This suggested that the unofficial standards for 
the two counts might be out of line and that a higher maximum, direct- 
count standard might enable a fairer evaluation of the samples. It had 
been assumed that some degree of correlation ought to exist between the 
two types of counts. This assumption seemed reasonable because processing 
methods were essentially the same, the liquid egg was not subjected to 
pasteurization temperatures, and the moisture content was not reduced 
below the four- to six-per cent range. Eighty-one per cent of the plate 
counts were less than 300,000 organisms per gram and 83 per cent of the 
direct counts were less than 15,000,000 (Tables 3 and 4). These percentages, 
however, were obtained by an independent consideration of each type of 
count. Eighty-one to 83 per cent of the samples did not meet desirable 
plate- and direct-count requirements when the findings were evaluated in 
terms of each individual sample’s ability to meet a plate count of 300,000 
per gram and a direct microscopic count of 10,000,000 or 15,000,000 per 
gram. This is shown in the following tabulation, which lists the percentages 
of samples that had counts less than and greater than tentative, maximum 
standard counts. Only 68 per cent of the 6,032 samples on which both 
plate and direct counts were made met both the plate- and direct-count, 
unofficial, tentative standards proposed in 1942-1944. Seventy-three per 
cent could have met the tenj^tive standards supported in 1945. 
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Plate eounta 

Direct counta 

Direct counta 

(1942*1944, 1945 
maximum) 

V (1942-1944 maximum) 

(1945 maximum) 

<10,000,000 >10,000,000 

<15,000,000 >15,000,000 

<300,000 

>300,000 

68% 13% 

7% 12% 

73% 8% 

10% 9% 


The tabulated percentages show a gross correlation between plate and 
direct counts for approximately 80 per cent of the samples, that is, if the 
68 per cent which had both type counts below the 1942-1944 standards 
are combined with the 12 per cent which had both type counts above. Had 
the 1945 direct-count standard been in effect, the correlation between the 
two types of counts would have held for 82 per cent of the samples. These 
observations should not be interpreted by the control bacteriologist to 
mean that 80 per cent or more of any given number of spray-dried whole- 
egg samples will necessarily show a direct correlation between the plate 
and direct counts. Too many factors are involved to draw any such con- 
clusion. Johns and Berard (1944, 1945) have already pointed out the 
effect of heat on the direct count. Therefore, it cannot be anticipated that 
samples manufactured by other processing methods, for example, by those 
employing heat treatment of the liquid egg, will yield data comparable to 
the above. 

Regional differences in the degree of microbial contamination in spray- 
dried whole-egg powder could not be accurately evaluated. For one reason, 
the interregional distribution df fresh, frozen, and storage eggs for dehy- 
dration was commonplace during the period of the investigation. For 
another reason, the United States divisions were not representative of 
distinctly different soils and climates. However, processing difBculties 
were expected in the South because of the higher temperatures. Southern 
dehydration plants were more frequently inspected and more rigidly super- 
vised. These actions may explain why the South Central Division had a 
higher percentage of samples which met the unofiBcial, tentative, plate- and 
direct-count standards in 1942-1944. 

The inference that samples from the South Central Division may have 
had proportionately lower counts because they had farther to travel to 
the laboratory (Philadelphia) and hence were older at the time of their 
examination is not supported by the data. There were no appreciable dif- 
ferences in the mean ages of the samples from the three divisions — E.N.C., 
8.8 days; W.N.C., 8.1 days; and S.C., 9.1 days. In no instance were all 
the samples from any one oif the 43 plants (Tables 7 and 8) of the same 
age at the time of examination. However, most of the samples from a 
given plant fell within two days plus or minus the mean age for the plant. 
There were exceptions. Wartime delays in mailing, transportation, and 
delivery were more instrumental than distance in determining the respec- 
tive ages of the samples. 

SUMMARY 

Plate- (viable cell) and direct-microscopic-count findings on more than 
6,000 samples of spray-dried whole egg have been presented as a partial 
record of the microbial quality of egg powder manufactured in the 
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United States between September 1, 1943, and January 1, 1945. The 
samples represented lots of powder manufactured according to United 
States Department of Agriculture and War Food Administration pur- 
chase specifications. 

In general, proportionately more lots of low microbial-count powders 
and lots with lower monthly averages were produced in the March- August 
period. The six months in this period were months of high shell-egg pro- 
duction. They were also months in which the far greater part of the 
powder was manufactured from fresh shell-egg liquid. 

Counts varied with the kind of liquid egg used for drying. Monthly 
averages became progressively lower as increasingly larger quantities of 
fresh shell-egg liquid and decreasing quantities of frozen-egg and storage 
shell-egg liquids were dried. This trend was more regularly reflected by 
the monthly plate-count averages. 

When the two kinds of counts were considered independently, 81 per 
cent of the samples examined had plate counts less than 300,000 organisms 
per gram (unofficial, maximum, plate-count standard), and 75 per cent had 
direct counts less than 10,000,000 organisms per gram (unofficial, maxi- 
mum, direct-count standard). Only 68 per cent of the samples on which 
both kinds of counts were made met both standards. 

Individual dehydration plants varied in ability to produce powder of 
the desired microbial quality. Whereas 81 to 100 per cent of the egg- 
pow’der samples from 14 of the better egg-dehydration plants met both 
the plate- and the direct-count standards, cited above, only nine to 30 
per cent of the samples from eight of the poorer plants met them. 

Samples in older age groups (grouped according to age in days at the 
time of examination) had lower plate-count averages, and higher percent- 
ages of these samples met the plate-count standard. 
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The necessity for a rapid and accurate method for the determination 
of sodium and potassium has led to the development of the flame photom- 
eter. The photometer was devised by Barnes, Itichardson, Berry, and 
Hood (1945). This instrument involves the use of the common flame test 
and the photoelectric cell. 

The material to be tested is ashed and taken up with a small quantity 
of acid, made up to volume, and then introduced into an atomizer. The 
spray is carried to the flame by way of the air vent of the burner. The 
emitted light characteristic of the element is isolated by the proper filter, 
focused on a photoelectric cell which gives rise to a current which is 
proportional to the concentration of the element sought. 

EXPERIMENTAL PROCEDURE 

For this experiment there were 71 samples of meat including several 
each of lean beef, medium cut beef, beef liver, beef kidney, veal, and lamb. 
One beef-brain sample was included. The preliminary treatment of these 
samples is described by Toscani (1945), 

For analysis two grams of the dried-meat sample were placed in a 
Vycor crucible and two c.c, of 4N sulphuric acid were added. The crucible 
was placed on a warm hot plate or steam bath and heating was continued 
until the material was carbonized. The crucible was then placed in a 
muffle furnace and heated for six to eight hours at 500 to 550*^0.(932 to 
1022°F.) or until ashing was complete. 

The ash was taken up with two c.c. of concentrated hydrochloric acid 
and transferred to a 100-c.c. volumetric flask and made up to volume. This 
ash solution was diluted 1 :1 for the sodium determination and 1 :5 for the 
potassium estimation, as the latter element appears in greater quantities 
in meats. The diluted ash solutions were then ready for the photometer. 

Berry, Chappell, and Barnes (1946) have shown that the presence of 
various mineral acids contained in the ash solutions introduce appreciable 
errors in the determination of unknown solutions. This interference is 
overcome by preparing standards containing the same acid and having 
the same concentrations as the unknown solution. 

STANDARDIZATION OF THE PHOTOMETER 

The calibration curves for the sodium and potassium are valid only 
when the pressure of the air and gas are kept constant. The air pressure 
for the atomizer is maintained at 10 pounds per square inch, while the 
pressure of the propane gas is maintained at 2.5 pounds per square inch. 
The proper filter is switched into place, the burner is lighted, and the 
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pressures of air and gas are adjusted. Distilled water is introduced into 
the atomizer through a small funnel and the galvanometer reading is set 
at zero. A solution containing 100 parts per million of the element sought 
is now delivered into the atomizer and the galvanometer is set at 100. 
When the zero reading for water and the 100 reading for the salt is con- 
stant, a known solution containing 50 parts per million of the element is 
placed in the atomizer and the reading recorded. This procedure is 
repeated using 25 parts per million and the curve is established for that 
element. 

For accuracy, after several unknown determinations it is advisable to 
recheck the curve by using the standard solutions containing 50 and 100 
parts per million, respectively. 


DISCUSSION 

There were 19 samples of well-trimmed beef muscle, 10 of untrimmed 
beef muscle, 19 of beef tongue, 13 of beef liver, two of beef kidney, one 
of beef brain, four of lamb muscle, and three of veal muscle. The recovery 
of added salts to the meat sample is given (Tables 1 and 2) ; the sodium 


TABLE 1 

Itecovery of Added Sodium 


In 

meat 

Added 

Found 

Recovered 

Recovery 

ug. 




pet. 

C).8 

10.0 

16.0 

9.2 

92.0 

6.8 

20.0 

26.5 

19.7 

98.5 

6.8 

30.0 

35.0 

28.2 

94.0 


TABLE 2 

Recovery of Added Potassium 


In 

meat 

Added 

Found 

Recovered 

Recovery 

fig. 

fig. 

fig. 

fig. 

pet. 

9.0 

10.0 

19.0 

10.0 

100.0 

9.0 

20.0 

28.0 

19.0 

95.0 

9.0 

30.0 

37.5 

28.5 

95.0 


and potassium contents of the various tissues and the ranges into which 
the samples fall, as well as values for maximum, minimum, and average 
content and the mean deviation of the various cuts of meat are shown 
(Table 3). 

The average values found showed close agreement with the values given 
by McCance and Widdowson (1940) on the following specimens: sodium 
in lean beef, beef brain, tongue, and lamb ; potassium in lean beef, medium 
beef, liver, and veal. Potassium showed a higher content in tongue, while 
lower potassium values were found in liver, lamb muscle, and veal. One 
sample of lean beef gave a value of 0.527 for potassium on repeated analy- 
ses. Beef liver gave the widest variation in the sodium content. 
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Bassett, Elden, and McCann (1931) analyzed 10 duplicate diets and 
found that the average sodium values were 18.6 per cent above those 
calculated from Sherman (1932) tables. They suggest that it is quite 
possible that the geographical area from which the food supplies came 
determines the magnitude of the differences. 


TABLE 8 


Sodium and Potassium per 100 Grams of Meaty Moist Weight 
Range of Figures 




Sodium 


Potassium 

meat 

Number of 
samples 

Range 

Number of 
samples 

Range 



gm. 


gm. 

Beef muscle, 

10 

.047 - .060 

3 

.262 - .280 

well trimmed 

5 

.061 - .073 

10 

.289 -.310 


o 

.084 - .090 

5 

.315 - .331 


2 

.123 -.167 

Av. .070 

M.U. .007 

1 

.527 

Av. .313 

M.D. .013 

Beef muscle. 

T) 

.068 - .096 

3 

.297 - .320 

not trimmed 

3 

.110 -.118 


.330 - .362 


2 

.146 -.167 

Av. .107 

M.T). .009 

o 

.375 - .405 

Av. .345 

M.D. .010 

Beef tongue 

5 

.O.'iO - .060 

o 

.134 -.141 


5 

.064 - .070 

10 

.169 -.190 


4 

.071 - .080 

6 

.193 -.225 


5 

.081 - .093 

Av. .071 

M.D. .003 

1 

.262 

Av. .189 

M.D. .006 

Beef liver 

3 

.053 - .083 

1 

.227 


5 

.097 - .154 

6 

.263 - .290 


4 

.175 -.236 

5 

.296 - .320 


1 

.346 

Av. .155 

M.U. .023 

1 

.394 

Av. .292 

M.D. .010 

Beef kidney 

2 

.147 - .172 

Av. .159 

2 

.226 - .241 

Av. .234 

Beef brain 

1 

155 

1 

265 

Lamb muscle 

4 

.079 - .140 

Av. .097 

4 

.204 - .295 
249 

Veal muscle 

3 

.115 -.196 

Av. .156 

3 

.267 - .354 

Av. .301 


The large individual variation of the sodium content reveals the neces- 
sity for analyzing diets fed to subjects on metabolic studies. 

CONCLUSIONS 

The sodium and potassium content of 71 samples of various cuts of 
meat was determined by flame photometry. The individual values for 
sodium show wide variations, while the average values show agreement 
with the published data, , 
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Although it was soon established that the nutritive value of the proteins 
of spray-dried egg powder was not impaired by the drying procedure, the 
acceptability of the first dried-egg powders, produced for lend-lease and 
the overseas armed forces, from the standpoint of palatability was low 
and decreased rapidly with storage. In addition, the dried-egg powder did 
not perform functionally like fresh egg. Its thickening and aerating 
power in products such as custards and sponge cakes decreased rapidly 
with aging of the powder. The palatability of the spray-dried egg powder, 
its keeping quality, and its culinary quality were improved during the war 
by various means, such as better supervision of the drying process, drying 
to a lower moisture content, gas packing, and other procedures. If dried- 
egg powder is to compete with frozen-egg magma in the post-war era, it 
must perform as satisfactorily as the frozen-egg magma or must have 
decided advantages over the frozen-egg magma in some respects. This will 
require constant improvement of spray-dried eggs and variation in tech- 
nics of use in products such as sponge cake. 

One of the severest culinary tests of egg quality is its ability, when 
whipped into a foam, to aerate sponge cake. In the early stages of pro- 
duction of dried egg, the egg powder when reconstituted and whipped 
at room temperature seldom gave a foam sufiSciently stable to produce 
acceptable sponge cakes. Then the English workers, Hawthorne and Ben- 
nion (1942) and Bennion, Hawthorne, and Bate-Smith (1942), reported 
that with addition to the egg powder of the sugar and water for recon- 
stituting, and surrounding the container with a water bath at 50° C. 
(122°F.) during beating, a stable foam could be produced. The Western 
Regional Laboratory (1944) showed that little change took place in the 
egg powder when it was stored at a low temperature, — 17.8°C.(0°F.). 
The same workers also found that powders which would not form stable 
foams at 45°C.(113°F.) might produce foams which would aerate sponge 
cakes, if the meringue infredients were preheated to 68°C.(154.4°F.) and 
beaten by surrounding the container with a water bath at 45°C. 

This study shows the deterioration for stable-foam formation of a 
spray-dried whole-egg powder with accelerated aging. A higher meringue 
temperature than any previously reported is used to obtain a stable foam. 
In addition, the difference in initial quality of dried-egg powders is shown. 

EXPERIMENTAL PROCEDURE 

One powder, a spray-dried whole-egg (five per cent moisture), was 
obtained from a commercial source. The eggs from which the powder was 

Journal Paper No. J-851 of the Iowa Agricultural Experiment Station, Ames, Iowa, 
Project No. 859. 


332 



LIFTING POWER OP DRIED WHOLE EGG WHEN USED IN SPONGE OAKE 333 


made had been prepared without preheating (pasteurizing). The powder 
was kept at — 23.3°C.( — 10°F.) until incubated for the accelerated storage 
tests. Three spray-dried whole-egg powders (less than two per cent moisture 
content) were obtained from three different plants operated by the same 
firm. The eggs used in the powders had been preheated before drying. 
The fifth whole-egg powder was prepared under vacuum from the frozen 
state (‘‘vacuum-dried*’) in the Poultry Products Laboratory. 

An estimate of the extent of the denaturation of the dried whole-egg 
powders was made. The method employed was essentially that described 
by Mirsky (1941) in which the proportion of total sulfhydryl groups 
exposed was the criterion of denaturation. 

The fresh-egg-magma-sugar mix was prepared by bringing all meringue 
ingredients to room temperature, 25°C.(77°P.), placing them in a bowl 
of a Kitchen Aid electric mixer (Model G) and beating with the regulation 
whip. Beating was continued at high speed until a definite lightness of 
foam was obtained as determined by specific gravity (approximately 0.27), 
followed by beating at slow speed to equalize the air cells. The dry ingre- 
dients, sifted together three times, were folded into the meringue by 
standardized hand mixing. - 

When egg powders were used, the egg-sugar-water mixture was slowly 
heated (10 minutes) to 68° C. The meringue ingredients were beaten by 
surrounding the container with a water bath at 45° C. Departures from 
this procedure will be noted in the appropriate sections. 

Cakes were prepared, baked, and tested under standardized conditions. 
The following formula, developed in preliminary tests with the use of 
shell eggs, was used throughout : 


Meringue : 

Egg magma 96.0 grams 

Sugar, granulated 50.0 grams 

Water, distilled 7.0 grams 

Lemon juice 8.0 grams 

Dry ingredients: 

Flour, cake 35.0 grams 

Sugar, granulated 30.0 grams 

Salt 0.5 grams 


When egg powder was used it was substituted in the above formula, 
using one part by weight of egg powder (24 grams) to three parts of 
water. 

Since baking powder is frequently used in sponge cakes by bakers, 
each cake treatment in the accelerated storage tests was repeated with 
addition of baking powder to the formula. When baking powder was 
used, one gram of sulfate-phosphate baking powder was added to the 
dry ingredients. 

The cakes were baked in small rectangular pans with slightly sloping 
sides and 730 to 755 cubic centimeters capacity, into which 150 grams of 
batter were weighed. The cakes were baked in a preheated gas oven at 
175°C.(346°F.) for 30 minutes. They were inverted and cooled one hour, 
after which baking losses were determined by difference in weight. Vol- 
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tunes were measured by rape seed displacement before the cakes were 
removed from their tins. The cakes were wrapped in wax paper and 
stored overnight in a giant desiccator. They were rated subjectively by 
weighted scores. Five judges rated the cakes, each judge receiving a slice 
from the same position in each cake. The characteristics scored with pos- 
sible score for each were as follows : crumb color 5, texture 35, tenderness 
30, moistness 10, flavor 20, and total score (sum of all characteristics) 100. 
Objective tests of tenderness were made on the tensile strength apparatus. 

Five replications were made for each treatment. 

RESULTS 

Accelerated Storage Tests: The dried-egg powder (five per cent mois- 
ture) used for these tests was taken from a large, hermetically sealed 
container and packed into small tin cans which were sealed. One-fourth 
of these cans was stored at — 23.3® C. until used. The other cans were 
incubated at 37°C.(98.5®F.) for 7, 14, and 28 days. The changes in a 
dried-egg powder of five per cent moisture content in seven days at 37® C. 
are approximately equivalent to the changes occurring in the same powder 
during storage for a month at room temperature. Storage at 37® C. for 
14 to 28 days may be equivalent to storage at room temperature for five 
to six months. In other words, deterioration of the egg powder is rapid at 
first, then slows down, so that the same ratio does not hold throughout all 
storage periods. In addition, the moisture content and the initial quality 
of the egg powder affect this ratio. 

This egg powder was initially of poor quality and even before incu- 
bation would not form a foam with the Western Begional Laboratory 
procedure, i.e., by heating the ingredients of the meringue mix to 68® C. 
and surrounding the bowl in which the mix was beaten by a water bath 
at 45® C. A stable foam which produced an acceptable sponge cake was 
obtained by heating the meringue ingredients to 68® C. and keeping the 
water bath at 80®C.(176®F.) during the beating period. 

A summary of the data on the spray-dried egg magma, foam, cakes, 
and palatability scores is given (Tables 1 and 2). 

The intensity of the color of the egg powder increased with longer 
incubation of the powder ; that incubated 14 and 28 days had a strong odor. 

There was an increase in denaturation of the proteins, a reduction of 
foaming power, and a progressive decrease in pH of the egg magma with 
lengthening incubation of the egg powder. The extent of denaturation, 
as shown by the total sulfhydryl groups exposed, was 7, 38, 51, and 67 
per cent for the egg-powder samples incubated 0, 7, 14, and 28 days, 
respectively. Foams of good volume were obtained from the egg powders 
incubated 0 and 7 days, but a foam was formed with difficulty from the 
powder incubated 14 dayB and the foam volume was not as great as that 
from the 0- and 7-day incubated powder. The egg powder incubated 28 
days did not form a foam even with prolonged beating with the water 
bath at 80® C, 

The volume and general appearance of the cakes from egg powder 
stored 0 and 7 days at 37®C. *wa8 good (Fig. 1). All had a good shape, a 
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powders were reconstituted before taking pH of egg magma. 
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Fig. 1. Cakes made from commercial, spray-dried, whole-egg powder of five per cent 
moisture content. 

Upper left : Not aged, baking powder added 
Lower lef t : N ot aged, control. 

Upper right : Aged seven days, baking powder added. 

Lower right : Aged rfeven days. 
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thin crust, and browned readily. With longer incubation, 14 and 28 days, 
the volume of the cakes made from the egg powder decreased. Cakes mnrlA 
with the powder incubated 14 days did not brown readily and tended to 
have thick, soggy crusts (Fig. 2). Cakes made with powder incubated 
28 days were compact and soggy. Average total scores of the cakes 
decreased with len^hening incubation of the egg powder. Cakes made 
from the egg powder stored 14 days were considered unpalatable; those 
from the powder incubated 28 days, inedible. 


TABLE 2 

Average Cake Volume and Average Tenderness, Texture, Flavor, and Total Scores of 
Cakes Made From Liquid Shell-Fig g Magma and Various Egg Powders 


Egg and treatment 

Days in- 
cubated 
at 

37“C. 

1 Scores 

Tender- 

ness 

Texture 

Flavor 

Total 

Spray-dried egg powder, 5% moisture 






Without baking powder 

0 

24.3 

26.6 

14.2 

78.4 

With baking powder 

0 

23.8 

24.8 

13.9 

75.2 

Without baking powder 

7 

23.8 

24.6 

13.6 

74.5 

With baking powder 

7 

24.1 

24.4 

13.5 

74.8 

Without baking powder 

14 

20.5 

17.6 

9.8 

58.8 

With baking powder 

14 

21.6 

20.3 

10.9 

64.4 

Without baking powder 

28 

4.0 

0.4 

2.8 

11.0 

With baking powder 

28 

7.4 

6.8 

3.0 

20.8 

Liquid-egg magma from 






shell egg, control 


25.9 

29.1 

16.7 

84.9 

Spray-dried egg powders, 






less than 2% moisture 






From Plant 1 


24.5 

26.4 

14.3 

78.5 

From Plant 2 


25.8 

27.6 

16.5 

83.2 

Prom Plant 3 


24.8 

27.0 

15.0 

80.5 

Vacuum-dried egg powder 


25.4 

28.5 

15.7 

82.9 


The addition of baking powder increased the pH of the cake batters, 
increased the volume and tenderness of the cakes, but had a variable 
effect on their palatability scores. The cakes with baking powder added 
scored lower in all characteristics than those in which it was omitted for 
the cakes made from the egg powder which was not incubated. They were 
similar for cakes made with or without baking powder from dried-egg 
powder incubated seven days. The cakes with baking powder scored higher 
than those from which it was omitted when dried egg which had been 
incubated 14 and 28 days was used. Jordan and Petti john (1946) recom- 
mend the addition of baking powder to sponge cake formula because of 
the increased tenderness and volume obtained in the cakes. 

Powders From Different Plants: The three spray-dried egg powders 
were obtained from three different plants operated by the same company. 
All powders were refrigerated and used within a short time after they 
were received. The moisture content and an estimate of the extent of 
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Flo. 2. Cakes made from commercial, spray-dried, whole-eggr powder of five per cent 
moisture content. 

Upper left : Aged 14 days, baking powder added. 

Lower left: Aged 14 days. 

Upper right : Aged 28 ^ys, baking powder added. 

Iiower right : Aged 28 days. 
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denaturation of the proteins were determined as soon as the sealed con- 
tainers were opened. The valnes obtained follow: 


Source of egg powder 

Moisture 

(pet.) 

Per cent of 
total sulfhydryl 
groups exposM 

Spray -dried, Plant 1 

1.6 

13 

Spray-dried, Plant 2 

1.7 

4 

Spray-dried, Plant 3 

0.7 

22 

"Vacuum-dried” 

3.4 

1 


With greater denaturation of the egg proteins, a longer time was 
required to form a foam, the foam was not as stable as shown by reduced 
cake volume, and the total cake scores were lower. The meringue ingredi- 
ents for the three spray-dried egg powders were combined as described 
under experimental procedure. However, the ‘Wacuum-dried’^ egg-powder 
meringue ingredients were reconstituted at room temperature, then beaten 
with the water bath at 45°C. Thus the ^ S^acuum-dried ^ ^ egg was treated 
more as fresh-egg magma than the spray-dried egg. A summary of the 
data for the egg magma, the foams, and the cakes is given (Tables 1 
and 2). 

The differences in the initial quality of the dried-egg powders from dif- 
ferent sources, as indicated by the extent of denaturation, were correlated 
with the total cake scores. The spray-dried egg from Plant 2, required a 
shorter beating time to form a foam, gave a more stable foam, and pro- 
duced larger and more tender cakes than did the egg powders from Plants 
1 and 3. The cakes also scored higher in texture and flavor. Analysis of 
variance of total scores showed that the three groups of cakes with the 
highest means — the shell-egg control (84.9), the spray-dried egg powder 
from Plant 2 (83.2), and the ‘‘vacuum-dried^^ egg (82.9) — differed sig- 
nificantly from the two groups of cakes with the lowest means — the spray- 
dried egg powder from Plant 3 (80.5) and from Plant 1 (78.5). There 
was no significant difference among the means within either of the two 
groups (Figs. 3 and 4). 

One means of comparison of the strength or stability of the foams 
was to note the increase in specific gravity from foam to cake batter. Each 
foam was subjected to the same amount of mechanical manipulation in 
incorporating the flour. This increase in specific gravity was greater in 
batters with egg powders than when fresh liquid-egg magma was used, 
indicating a lowered ability of the dried-egg powder foams to withstand 
mechanical abuse. 

In addition to improvement of the quality of the dried-egg powders, 
further improvement in the use of dried egg in sponge cake might be made 
by variation of the treatment of the meringue ingredients, variation in the 
proportions of ingredients in the formula, and substitution of cream of 
tartar for the lemon juice. Barmore (1934) reported that cream of tartar 
produces a more stable foam in angel cake than citric or acetic acids. 

SUMMARY 

The commercial, spray-dried egg powder of five per cent moisture con- 
tent used in these tests (in common with most spray-dried powders) did 





340 CORA F. MILLER, BELLE LOWE, AND GEORGE FRANKLIN STEWART 



Fig. 3. Cakes made from dried whole egg. Three of the egg powders were from 
three different plants operated hy the same firm and contained less than two per cent 
moisture. 

IJpper left: Egg powder from Plant 2. 

Lower left: ‘ * Vacuum-dried * ’ egg powder. 

Upper right: Powdjr from Plant 3. 

Lower right: Powder from Plant 1. 



LIPTINQ POWER OP DRIED WHOLE EGG WHEN USED IN SPONGE CAKE 341 


not form a foam when the powder was reconstituted and handled in the 
same manner as liquid shell-egg magma. A satisfactory foam and sponge 
cake was obtained by combining the meringue ingredients and slowly 
heating them to 68° C., then surrounding the electric mixer bowl with a 
water bath at 80° C., a water-bath temperature higher than any previously 
reported, during the whipping of the foam. 



Fig. 4. Cake made from liquid shell-egg magma. 


With accelerated aging at 37° C. for periods of 7, 14, and 28 days 
the commercial spray-dried egg powder showed the following progressive 
changes: an increase in denaturation of the egg protein (as shown by 
total sulfhydryl groups exposed), a decrease in pH of the egg magma, an 
increase in beating time with a reduction in foaming power, a reduction 
in cake volume, and a decrease in quality until the cakes made from the 
egg powder aged 28 days were considered inedible. Baking powder added 
to the cake formula with this egg powder increased the volume and tender- 
ness of the cakes, increased flavor and texture scores of cakes from pow- 
ders aged 14 and 28 days, but decreased the flavor and texture scores of 
cakes made from the unaged powder. 

Freshly prepared, spray-dried, whole-egg powders of less than two per 
cent moisture content, which were obtained from three different plants 
operated by one firm, varied in initial quality as shown by extent of 
denaturation of the egg proteins, ease of foam production, cake volume, 
and cake quality. One of these egg powders and the powder dried from 
the frozen state under vacuum produced cakes comparable in quality to 
those made from fresh shell eggs. These three spray-dried egg powders 
produced acceptable cakes by heating the meringue ingredients to 68° C. 
and surrounding the mixer bowl during the whipping of the foam with 
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a water bath at 45° C. With the ‘‘vacuum-dried'’ powder the preliminary 
heating of the meringue ingredients to 68° C. was omitted. 
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REDUCTONE INTERFERENCE IN ESTIMATION OF VITAMIN C 
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Interference in the estimation of vitamin C caused by the presence of 
reductones and reductone-like substances that may be contained in cer- 
tain types of processed foods lias been reported by various workers. These 
substances, although structurally somewhat similar to vitamin C, possess 
no antiscorbutic activity and, as they reduce indophenol dye rapidly (in 
less than 15 seconds), it is important that they should not be mistaken 
for vitamin C. 

Mapson (1943) devised a method whereby reductones can be differ- 
entiated from vitamin by their reaction with formaldehyde. Under the 
conditions of his test, vitamin C condenses with formaldehyde whereas 
reductones do not. He presented evidence that reductones were produced 
when vegetables were exposed during dehydration to temperatures high 
enough to cause even slight scorching of the tissues, or when dehydrated 
products had been stored in air or nitrogen at temperatures exceeding 
25®C.(77°F.). He particularly emphasized that when vegetables were 
dried under conditions known to avoid excessive damage to the tissues, 
interference from reductones was negligible. He found no substances of 
the reductone type in fresh vegetables and fruits, also that no reductones 
were produced in preserved or cooked foods as a general rule unless the 
temperature of the cooking was excessive, or unless the pH of the cooking 
water was above 8.5. 

Wokes, Organ, and Jacoby (1943) reported interference in processed 
foods from reductones and other closely allied compounds, which they 
collectively termed ‘^apparent vitamin Such interference was found 

particularly in foods high in carbohydrate and after prolonged storage 
under normal conditions. In their estimation of ‘‘apparent vitamin 
they employed a modified procedure of the formaldehyde method of Mapson 
(1943). 

Robinson and Stotz (1945) presented a formaldehyde method for dif- 
ferentiating reductones from vitamin C that was much simpler and more 
adapted for control work in a food laboratory than that of Mapson. These 
authors noted large interference from reductones in food products that 
had been subjected to long heat treatments or extensive storage. They 
pointed out, however, that until the exact nature of reductones in different 
food products is known, their formaldehyde modification cannot be. claimed 
to offer an exact differentiation between these substances and vitamin C. 
However, they believed it offered a closer approximation of the “true 
vitamin C value in processed foods than measurements made hitherto by 
unmodified dye-reduction methods. 

In the present study processed foods of various types were analyzed 
for vitamin C by both modified and unmodified dye-reduction procedures 
especially to determine extent of interference that may arise when reduc- 


34.3 



344 


MABEL C. MILLER 


tones and reductone-like substances are present. A study of some fresh 
material has been included for control purposes. 

EXPERIMENTAL PROCEDURE 

Material: The test material comprised fresh vegetables and fruits and 
preserved, canned, concentrated, and dehydrated foods. Details regarding 
the nature of the samples used, including their treatment during storage, 
are indicated in the first column (Tables 1 and 2). All samples were labo- 
ratory samples unless marked “commercial.’’ As honey represents almost 
pure dextrose and levulose, and as considerable controversy in the lit- 
erature has been reported by Haydak, Palmer, Tanquary, and Vivino 
(1942) as to whether indophenol dye-reducing substances in honeys are 
to be identified with vitamin C, a study of four samples of honey was 
also included. 

The history of the commercial samples of honey packed in Iowa and 
New York is not known. The Massachusetts samples had been centrifuged 
to remove the wax, heated to 49°C.(120°P.), strained through cheese- 
cloth, and immediately cooled to room temperature. These samples had 
been stored for approximately four months at room temperature, about 
21°C. (70°P.), before they were received for analysis. 

The fresh white potatoes were kept at 0°C.(32°F.) from harvest until 
May, when they were obtained from Aroostook County, Maine. 

The fresh Florida orange juice was obtained from a Boston commercial 
supply house. The fresh cranberries were obtained from cranberry grow- 
ers in Cape Cod, Massachusetts. 

Of the commercial marmalades, one lot (dark) was prepared from 
Seville oranges and granulated sugar, whereas the other contained added 
pectin and acid, sliced oranges, and sugar. No further details are known. 

Cranberry sauce, rose-hip jam, and orange marmalade were prepared 
in the laboratory, the formulae used being as follows : 

Cranberry Sauce 
2 cups cranberries 
1 cup water 
1 cup sugar 

Boil cranberries in water gently for eight minutes. Add sugar and simmer for five 
minutes. Pour into clean, hot jars and seal. 

BosshHiP Jam 

Out rose hips in halves. Add water to cover and cook until tender. Rub through 
sieve. Heat one pound of strained fruit and one pound of sugar slowly to boiling, with 
constant stirring. Simmer for 80 minutes. Pour into clean, hot jars and seal. 

Orange Marmalade 

Cut peel from six oranges into thin strips. Add three cups of boiling water and 
simmer for one hour. Add fruit, cut in small pieces, to the peel and six cups of sugar. 
Simmer for one hour. Pour into clean, hot jars and seal. 

Methods of Analysis: Ascorbic acid (vitamin C) was determined by the 
indophenol-xylene extraction method of Robinsoji and Stotz (1945). The 
formaldehyde modification of this method, jfhilh corrects for the inter- 
fering action of reductones, was applied to all the materials analyzed. 
Ascorbic acid was also determined on nncolored extracts of fresh material 
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and on some of the uncolored, processed material by the indophenol dye- 
titration technique, the procedure being essentially that of Bessey and 
King (1933). The dye was standardized for the titration procedure by 
the method of Menaker and Guerrant (1938). The dye was delivered 
from a semi-micro, 10-ml. burette graduated in 0.05 ml. All titrations 
were completed within 10 seconds. A pink color appearing throughout 
the solution and persisting for at least five seconds was taken as the end 
point. Titrations were carried out in triplicate and the results averaged. 
A Fisher Daylight Lamp Titration Assembly was used. This gives a 
strong, uniform source of light that aids materially in detecting the 
correct end point. The extractant of ascorbic acid for both methods 
contained four per cent (by weight) of metaphosphoric acid. With pota- 
toes, beets, and dehydrated carrots, however, a concentration of six per 
cent of metaphosphoric acid in the extractant was found more satisfactory 
for obtaining clear, non-foaming filtrates. 

The principle of the indophenol-xylene extraction method of Robinson 
and Stotz (1945) depends upon the findings of Bukatsch (1939) that 
oxidized indophenol dye can be quantitatively extracted from an acid 
solution with xylene. The color of the extracted dye in xylene is stable 
provided there are no oxidizing substances in the xylene itself, as pointed 
out by Nelson and Somers (1945). The xylene used in this study was 
redistilled in an all-glass still and fractionated to remove impurities of 
oxidative nature, which would otherwise affect the reliability of the deter- 
mination. Because of this stability of color, a series of extractions may 
be made and, when all are completed, the colors of the xylene extracts are 
measured in a photoelectric colorimeter. A Cenco photelometer. No. 12335, 
with Cenco No. 2 green filter transmitting maximally at 525 millimicrons, 
and Cenco fused absorption cells of one-cm. thickness and eight-ml. capac- 
ity were used for the photoelectric measurements. For carrying out the 
reactions, glass-stoppered reaction vessels with glass stopcocks, non-lubri- 
cant type, Pyrex (No. 7105-GR, Wilkens Anderson Company, Chicago, 
Illinois) were found convenient and also facilitated the separation of 
the xylene and aqueous phases. Ascorbic acid after the addition of buffer 
of pH 4.0 is unstable, as pointed out by Robinson and Stotz (1945) and 
Nelson and Somers (1945). Furthermore, at this pH the generally slower- 
acting, nonspecific, reducing substances may react fairly rapidly with the 
dye. Therefore, care was taken that, immediately upon buffering the 
ascorbic acid extract, the dye was added and mixed, followed quickly by 
xylene and vigorous shaking for 10 seconds, not more than 15 to 20 
seconds elapsing during the entire procedure. 

Many of the materials used in this study were highly colored, such 
as beets, cranberries, and strawberries. However, the indophenol-xylene 
extraction method is suitable for the determination of ascorbic acid in 
these foods because the pigments they contain are not soluble in xylene. 

Robinson and Stotz (1945) have noted interference from reduced iron 
or tin, particularly in canned foods stored for long intervals. Therefore, 
the peroxide modification of their method that corrects for the dye-reducing 
action of these substances and for sulphite was applied in the analysis of 
all foods stored in cans as well as the formaldehyde modification. 
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In the dehydrated carrots xylene-soluble pigments were encountered. 
Correction for their presence was made by the hydroquinone-decoloration 
procedure of Robinson and Stotz (1945). Interference from xylene-soluble 
pigments is minimized by obtaining clear filtrates before proceeding with 
the indophenol-xylene extraction. 

Total vitamin C, that is, ascorbic acid plus dehydroascorbic acid, was 
determined by hydrogen-sulphide reduction in some instances. This pro- 
cedure, especially in the presence of reductones, is subject to great 
interference owing to the formation of liydroquinone types of compounds 
during the hydrogen-sulphide treatment. Robinson and Stotz (1945) have 
pointed out that these compounds condense with formaldehyde under the 
conditions of their test in the same manner as ascorbic acid and, therefore, 
no correction for the error caused by their presence can be made. King 
(1941) and Smythe and King (1942) called attention to large errors that 
might arise in the estimation of dehydroascorbic acid by hydrogen-sulphide 
reduction to form ascorbic acid. These errors were ascribable to the fact 
that many aldehydes, ketones, and quinones, when present in the ascorbic 
acid extracts, combined with hydrogen sulphide to form compounds that 
reacted like ascorbic acid under the conditions ordinarily used for titration 
or photoelectric estimations of vitamin C. In view of the findings of these 
authors and the large errors found in many of the cases where reductone 
interference was present, hydrogen-sulphide reduction to include the dehy- 
dro form was finally discontinued. 

In the determination of total vitamin C by the indophenol-xylene 
extraction method, the hydrogen-peroxide modification was used in accord- 
ance with the suggestion of Rubin, Jahns, and Bauernfeind (1945) of the 
Iloffmann-La Roche Research Laboratories. This modification corrects for 
interference from residual traces of hydrogen sulphide that may remain 
in solution even though the extracts give negative tests with lead-acetate 
paper. 

The moisture content was determined for all samples. The vacuum- 
oven method was used, and the samples were dried for six hours at 70° C. 
(158°F.) with about 30 inches of vacuum. The data on moisture content 
were used for calculation of the ascorbic acid on a basis of dry weight. 

RESULTS AND DISCUSSION 

Fresh Mater M: A summary of the vitamin C data for fresh vegetables 
and fruits, estimated by the indophenol-xylene extraction method with and 
without the formaldehyde modification and by the indophenol dye-titration 
technique (in cases where the material was not highly colored), is presented 
(Table 1). Interference from reductones and reductone-like substances was 
not found in any of the materials examined, as shown by the agreement of 
vitamin C values by modified and unmodified indophenol-xylene extraction 
procedures. Moreover, close agreement was shown between these values 
and those obtained by indophenol dye-titration technique. 

No increases in vitamin C values, or negligible increases only, were 
noted in the fresh material after hydrogen-sulphide reduction, with the 
exception of freshly harvested beets. In the latter case, the vitamin C 
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Vitamin C Levels in Fresh Vegriahles and Frvits by Different Methods 
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value after hydrogen-sulphide reduction, estimated without the formalde- 
hyde blank, was nearly twice the value obtained before hydrogen-sulphide 
reduction. This increase in dye-reducing value, however, was found equal 
to the value obtained for the formaldehyde blank (Fig. 1). Therefore, the 
increased value was attributed to interference from a nonspecific dye- 
reducing substance with a reductone-like structure formed in the beet 



Fig. 1. Vitamin C levels by indophenol-xylene extraction, with and without formal- 
dehyde, showing reduced vitamin C and increase in dye-reducing values obtained after 
hydrogen-sulphide treatment. 


* Level reduced vitamin C=:zero. 

extract during the hydrogen-sulphide treatment. To consider this increased 
value obtained by an unmodified method as dehydroascorbic acid would 
appear to be erroneous. 

Processed. Foods: A large number of processed foods was examined. 
A summary of the vitamin C data obtained on the different groups of these 
processed foods is presented (Table 2). The percentage of ‘Hrue ascorbic 
acid’^ for each sample has also been indicated. The reductone interference, 
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expressed as percentage, is the difference between 100 per cent and the 
percentage of the ‘‘true ascorbic acid/’ 

In the group of preserved foods, all the commercial samples showed 
reductone interference with the exception of an orange marmalade that 
was noticeably dark in color when purchased. Whether the darkening was 
caused by excessive heat treatment during processing or by long storage 
was not known. The taste of this sample was good, although not as pleasing 
as the flavor of the freshly prepared product. Mapson (1943) and Eob in- 
son and Stotz (1945) found darkening to be associated with reductone 
interference. Therefore, it was suspected that this particular sample con- 
tained a reductone-like substance that condensed with formaldehyde in the 
same manner as ascorbic acid under the conditions of the method; hence 
no correction could be made for its presence. Errors in analyses from such 
sources have been pointed out by Mapson. 

Our freshly preserved foods did not show any reductone interference. 
These foods were rose-hip jam, orange marmalade, and cranberry sauce 
containing, respectively, 337, 27.3, and 1.8 mg. of ascorbic acid per 100 
grams. These samples showed extremely high, intermediate, and low 
values for the vitamin. When stored at 4°C.(40°F.), the rose-hip jam 
showed no reductone interference after six months, the orange marmalade 
showed reductone interference amounting to eight per cent of the dye- 
reducing substances after five months, and the cranberry sauce showed an 
interference of 100 per cent, that is, no ^Hrue vitamin C,” after three 
months. Storage at 40®F., therefore, does not eliminate reductone develop- 
ment. It would appear, however, from these data that the extent of 
reductone development is inversely proportional, roughly, to the amount 
of vitamin C initially present in the samples. For example, the devel- 
opment of reductones was prevented in the rose-hip jam, for its high 
vitamin C content served to stabilize the product. There was only a 
slight interference from reductones in the orange marmalade, which con- 
tained initially a fair amount of vitamin C, but there was total inter- 
ference in the cranberry sauce, which had a low initial vitamin C content. 
These results agree substantially with those of Lincoln and McCay (1945) 
who prepared a marmalade with an average initial vitamin C content of 
28.6 mg. per 100 grams. Their product was studied for reductone develop- 
ment in storage by the formaldehyde method of Mapson (1943). After 
storage for eight months at 3°C.(38°F.), their samples did not show more 
than four to seven per cent reductone interference. However, their product 
was stabilized by cooking the peel in a solution of citric acid (0.2 per cent). 
These authors pointed out that in marmalade of high vitamin C content 
such as theirs, development of nonspecific substances of the reductone 
type was insignificant when storage was carried out at cool temperatures. 
However, with storage at elevated temperature the vitamin C content 
decreased and the reductones correspondingly increased. 

In the case of the laboratory samples of cranberry sauce, the vitamin C 
content (no formaldehyde) apparently increased 81 per cent (wet-weight 
basis) during three and one-half months of storage. This illustrates the 
false impression of the stability of the vitamin that would be gained by 
use of an unmodified dye-reduction procedure. The taste of the cranberry 
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sauces was excellent, their fresh-fruit flavor being retained in spite of 
total reductone interference. 

In all the samples of honey there was great interference from rediic- 
tones, as would be expected in a material of such high carbohydrate con- 
tent. One sample contained no “true vitamin C,’' whereas three samples 
showed an average of 65 per cent reductone interference. Levels for vita- 
min C were low and ranged from 0 to 1.8 mg. per 100 grams (wet weight) 
of the reduced form of the vitamin. Ilaydak, Palmer, Tanquary, and 
Vivino (1942) made an extensive study of the vitamin content of various 
types of honey obtained from Minnesota, territorial United States, and 
foreign countries. They determined the vitamin C content by the method 
of Bessey (1938). Values for vitamin V obtained by these authors ranged 
from 0.5 to 6.5 mg. per 100 grams and averaged 2.2 mg. per 100 grams. 
The pronounced variability in the vitamin C content, they believed, was 
ascribable to differences in the floral source and the number of pollen 
grains in the product. In no case did they obtain values for vitamin C 
in foreign honeys as high as has been reported in the literature. In view 
of the findings of these authors and our own findings, it would appear 
that reductone interfei^ence has been largely responsible for the discrepan- 
cies in the vitamin C values reported for different honeys. 

Analyses of total vitamin C were undertaken on all preserved foods 
and the honeys. Large increases in dye-reducing values after hydrogen- 
sulphide treatment were found in the honey samples, the cranberry sauces, 
the strawberry preserves, and the commercial, dark orange marmalade 
(Pig 2). With respect to the freshly prepared cranberry sauce, the for- 
maldehyde blank eliminated the increase in dye -reducing values after 
hydrogen -sulphide treatment. This was also the ease in the fresh-beet 
samples (Fig. 1). The increases in dye-reducing values after hydrogen- 
sulphide treatment in the other samples were not eliminated, or only 
partially, by the formaldehyde blank. However, these increases were 
attributed not to dehydroascorbic acid but to hydroquinol types of com- 
pounds that condense with formaldehyde in the same manner as ascorbic 
acid and hence lead to “apparent dehydroascorbic acid^’ values. The 
freshly prepared orange marmalade, with which no reductone interference 
was noted, gave only a negligible increase in dye-reducing value after the 
hydrogen-sulphide treatment. The strawberry preserves in this group 
(commercial samples only) were low in vitamin C and showed large in- 
terference from reductones. The sample stored for one year at 26.7°C. 
(80°F.) contained half as much vitamin C as the sample analyzed directly 
after purchase. Furthermore, the reductone interference was 25 per cent 
greater in the one-year sample than in the sample analyzed directly after 
purchase. In respect to taste the stored sample was inferior to the sample 
representing no storage and also had a slight off-color. 

A comparison of the dye-titration values with the “true vitamin val- 
ues in the group of preserved foods and honeys shows that where reduc- 
tone interference was present the former method gave values far too high. 
However, where there was no interference from reductones, as in freshly 
prepared orange marmalade and the rose-hip jams, close agreement between 
the “true vitamin and dye^titration values was obtained. 
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Fig. 2. Vitamin 0 levels by indophenol xylene extraction, with and without formal- 
dehyde, showinK reduced vitamin C and increase in dye reducing values obtained after 
hydrogen-sulpliide treatment. 


In the commercially canned vegetables reductone interference was 
found in sweet potato (nine per cent), green peas (20 per cent), and 
beets (100 per cent), whereas none was found in tomatoes and pimientos. 
The sweet potato was analyzed directly after purchase and was an excel- 
lent product with good retention of flavor. The peas and beets had been 
stored for one year at 80°F, The flavor of the beets was good and that of 
the peas fairly good. The tomatoes and pimientos had been stored for two 
and three years at high temperatures, but in spite of their rigid treatment 
the pimientos, which were a “fire roasted “ product, had retained their 
original color and flavor. 

A comparison of the vitamin C values of these canned products empha- 
sizes, as in the group of preserved foods, that the higher the vitamin C 
content, the less was the interference from reductones. For example, with 
a low source of vitamin C, such as beets, total interference was found, 
which was also the case with the cranberry-sauce samples, whereas with 
pimientos, which constitute a rich source of vitamin C, no reductone inter- 
ference was found even after prolonged, storage at high temperature. Dur- 
ing this long storage interval, however, the pimientos lost some vitamin C 
but still retained 72 per cent of the original content. Positive values for 
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reduced iron and tin were also obtained on the pimientos stored for three 
years. The value for vitamin C obtained by the indophenol-xylene extrac- 
tion procedure without the formaldehyde modification and without the 
peroxide modification was the same as that obtained by the dye-titration 
technique. Therefore, in the latter method the titer included all the vita- 
min C plus all the reductones and the reduced iron and tin. 

Hydrogen-sulphide reduction for the purpose of including the dehydro- 
aseorbic acid gave large increases over the reduced form with beets and 
moderate increases with sweet potatoes (Pig. 1). With pimientos and 
tomatoes, however, no increases in dye-reduction values occurred after the 
hydrogen-sulphide treatment. 

Included in the group of canned products were three different com- 
mercial samples of sauerkraut indicated as A, B, and C (Table 2). Both 
solids and juice were examined. All showed reductone interference except 
the juice of Sample A. Considerable variation in the ‘'true vitamin C’’ 
content was noted, and much higher values were obtained by the unmodi- 
fied method. The vitamin C content of the juice was higher than that of 
the solids for Samples A and B, but for Sample C a zero value was obtained 
in the juice. Sample A showed 64 per cent reductone interference in the 
solids and none in the juice; Sample B, 20 per cent in the solids and 12 
per cent in the juice ; and Sample C, 61 per cent in the solids and 100 per 
cent in the juice. The history of the samples was not known. Sample A 
was purchased in December and Samples B and C in May, and analyses 
were made immediately after purchase. All were excellent sauerkrauts, 
Samples A and B having exceptionally fine flavor. 

Pederson, Mack, and Athawes (1939) found considerable variation in 
the vitamin C content of canned sauerkrauts, the majority of the samples 
showing slightly higher values for the juice than for the solids. Their 
range for vitamin C in canned sauerkraut was from nine to 31 mg. per 
100 grams of juice or solids. Vitamin C was determined by the method of 
Bessey and King (1933) as modified by Mack and Tressler (1937). They 
found canned sauerkraut contained less vitamin C than the raw product 
but noted little decrease during storage. The loss in vitamin 0, they be- 
lieved, took place primarily in the mixing and preheating vat before the 
sauerkraut was put into the cans. In view of their findings, the explana- 
tion for the wide variation in reductone interference in our samples would 
appear to be ascribable to differences in processing treatments before 
canning rather than to possible differences in storage conditions after 
canning. 

In the group of concentrated foods, reductone interference was noted 
in certain of the stored samples (Table 2). In the samples of commercial 
orange concentrate held for four and one-half months in vacuum-sealed 
cans, no interference was found in the sample stored at 4°C.(40°F.), five 
per cent interference was found in the sample held at 27®C.(80®F.), and 
84 per cent in that held at 38°C.(100°F.). Corresponding values for 
“true vitamin.C’' were 141, 72.5, and 1.5 mg. per 100 grams (wet weight). 
In other words, with increasing storage temperature accompanied by fall- 
ing vitamin C values, interference from reductones correspondingly in- 
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creased. These samples also darkened progressively, for the sample at 
80°P. had changed slightly in color and that at 100°P. was very dark 
and had a suggestion of fermented odor. Therefore, the increase in re- 
ductone interference also corresponded to the progressive change in color 
from light to dark. Hence, although vacuum sealing may have retarded 
reductone development, it did not eliminate it. In the case of the Florida 
orange concentrate stored in screw-cap jars at 40®P., no interference from 
reductones was encountered until the third month. Then the interference 
was slight (nine per cent). 

Treatment with hydrogen sulphide gave large increases in dye-reducing 
values in the commercial orange concentrate held at 100°F., but no in- 
creases in those samples held at 40 and 80°F. (Fig. 1). No correction 
could be made for the increase in value obtained by the unmodified method 
in the sample held at high temperature. The increase, however, was con- 
sidered to be only apparent dehydroascorbic acid’^ and is attributed to 
interference from hydroquinol types of compounds, which have been pre- 
viously described. 

Hydrogen-sulphide treatment of the Florida orange concentrate stored 
at 40°F. gave an increase of 12 per cent in the dye-reducing values after 
two months of storage and of three per cent after three months (Fig. 3). 
In both cases almost complete correction for these increases was made by 
the formaldehyde blank. Similar findings were noted for fresh beets (Fig. 
1) and freshly prepared cranberry sauce (Fig. 2). 

Included in the group of concentrated foods was a commercial tomato 
paste that had been stored for one year at 80° F. To observe the effect of 
storage at high temperature, the tin in which this product was held was 
opened and half the sample was placed at 40° F. and the other half at 
100°F. After two weeks, slight browning was observed in the latter sample. 
Reductone interference amounted to 43 per cent in the sample held at 
40 °F. and to 100 per cent in that held at the higher temperature, that is, 
the sample in which slight but definite browning had occurred. Without 
the formaldehyde blank correction the values for the samples held at 40 
and 100°F. were essentially the same, which illustrates the apparent sta- 
bility that would be reported in the absence of a modified procedure to 
correct for reductone interference. 

In the group of commercially dehydrated foods the vegetables all 
showed reductone interference with the exception of potato. This inter- 
ference amounted to 42 per cent in the carrots, 68 per cent in the cabbage, 
and 100 per cent in the beets. The length of storage for these samples 
represented from one and one-half to three and one-half years. The tem- 
perature range over these periods was 80 to 95°F. In spite of the long stor- 
age at elevated temperatures, however, the carrots and potatoes (julienne 
style) were still in good condition, their color and general appearance 
resembling freshly dehydrated material, and the cooked products were 
highly edible. The low moisture content and the vacuum packing un- 
doubtedly were important factors in prolonging the storage life and the 
edibility of the carrots. The dehydrated beets had retained their natural 
color and were still edible, although the flavor of the cooked product could 
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Fig. Vitiuniu C levels by iiidopbenol-xyleiie extraction, with and without formal- 
dehyde, showing reduced vitamin C and increase in dye-reducing values obtained after 
hydrogen-sulphide treatment. 

A”value by indophcnol-xylene extraction (no fonnaldehydtO. 

B-~value by indophenobxylene extraction (with formaldehyde). 

* StoraRe in Ncrew-oue .inis. 


not be identified with that of freshly eooked beets. The eabbajre shreds 
had a stale or hay odor, and some of the shreds were light brown in color. 
The sample had been treated with sulphite ; however, when the can was 
opened, tests for the presence of sulphite were negative. This sample was 
not edible. 

Two samples of white potatoes from Maine, which had been held in 
cold storage during the winter, were tunnel dried and then examined. The 
vitamin (' level for the first of these two samples (light colored) was 
essentially the same as that obtained for the commercially dehydrated 
Maine potatoes (julienne style). One lot of the tunnel-dried potatoes 
showed some darkened areas on the slices. Analyses for vitamin C, how- 
ever, showed no measurable reductone interference, although a loss of 
vitamin C amounting to 29 per cent had occurred. 




RBDUCTONE INTERFERENCE IN ESTIMATION OF VITAMIN C 


357 


In the dehydrated citrus-fruit products, reductoiie interference amount- 
ing to 11 per cent was found in a vacuum belt-dried orange-juice sample 
that had been slightly scorched in the drying process, lieduetone inter- 
ference was also found in samples after long storage in screw-cap jars at 
80°F., this interference amounting to 15 per cent in California orange-juice 
powders after eight months and 42 per cent in freeze-dried compressed 
lemon powder after three years. In the latter sample a slight off-color was 
noted, and the moisture content was slightly greater than the initial value. 
In the California sample, however, which represented a much shorter stor- 
age period, no change in color and no increase in moisture content occurred. 
In samples of orange- juice powders stored in desiccators over calcium chlo- 
ride, no interference from reductones was found in the Florida orange- 
juice powder stored for seven months or in the freeze-dried orange-juice 
crystals stored for two years. Both samples had moisture contents of less 
than 0.5 per cent, and the rehydrated product of the latter sample had a 
flavor closely resembling that of fresh orange juice. The maintenance of 
a low moisture content or the taking up of the bound water’’ in the 
citrus-fruit powders by the desiccant during storage was undoubtedly an 
important factor in the prevention of reductone interference, the retention 
of fresh-fruit flavors, and tln^ retention of vitamin C. 

Treatment with hydrogen sulphide gave increases in dye-reducing val- 
ues ill stored citrus -fruit powders, namely, 10 per cent for California 
Valencia orange- juice powder and seven per cent for Florida orange- juice 
powder (Fig. 3). In both cases, almost complete (correction for these 
increases was obtained in the formaldehyde blank. These findings are 
similar to those for Florida orange concentrates in storage (Fig. 3). 

SUMMARY AND CONCLUSIONS 

A study of fresh and processed foods was undertaken to determine the 
extent of interference that may arise in the estimation of vitamin ( - when 
reductones and reductone-like substances are resent. The formaldehyde 
modification of the indophenol-xyfenc extraction procedure of Robinson 
and Stotz (1945), which corrects for interfering action from reductones, 
was used for the vitamin C estimations, and the results were compared 
with the unmodified, indophenol-xylene extraction technique and (in cases 
of uncolored material) with the dye-titration technique. 

No reductone interference was encountei*ed in fresh vegetables and 
fruits, and the values obtained for vitamin C by the three techniques were 
in close agreement. 

Reductone interference was encountered in all the processed foods 
studied, including preserved foods, honeys, and canned, concentrated, and 
dehydrated foods. 

A comparison of the vitamin C values obtained for processed foods by 
the formaldehyde procedure and the dye-titration technique indicated that 
where reductone interference was present the dye-titration technique gave 
values far too high, whereas in the absence of reductone interference close 
agreement between the two methods was obtained. 

With practically all the commercial preparations of preserved foods 
there was reductone interference, ranging from 11 to 70 per cent. 
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With the freshly prepared, preserved foods there was no reductone 
interference. After storage at 40°P., however, reductone interference was 
noted, the extent of the interference being roughly inversely proportional 
to the initial vitamin C content. In the samples with high vitamin C con- 
tent, there wal^ no reductone interference after six months; in those with 
a fair amount of vitamin C initially present the interference was about 
eight per cent after five months; and in those with low initial vitamin C 
content 100 per cent (no ^‘true vitamin after three months. 

All the honey samples showed large reductone interference. One sample 
contained no ‘‘true vitamin C,’’ and an average reductone interference of 
65 per cent was noted in the other samples. 

With the exception of tomatoes and pimientos all the canned products 
(commercial only) showed reductone interference, ranging from nine per 
cent in sweet potatoes (storage conditions unknown) to 100 per cent in 
whole beets stored at 80°F. for one year. 

Reductone interference in concentrated foods seems to increase pro- 
gressively with increase in the temperature of storage. The increase in 
reductone interference also corresponded to the progressive changes in 
color of the samples from light to dark. 

In aU the commercially dehydrated vegetables except potatoes there 
was reductone interference, ranging from 42 per cent in carrots to 100 
per cent in beets. 

Reductone interference was noted in dehydrated citrus-fruit products, 
amounting to 11 per cent in orange juice that had been slightly scorched 
in the drying process and 15 to 42 per cent in citrus-fruit powders stored 
for eight months and three years, respectively, in screw-cap jars. 

No reductone interference was found in freeze-dried orange-juice crys- 
tals that had been stored in a desiccator over calcium chloride for two 
years. The fresh-fruit fiavor and the vitamin C content of the original 
product had been retained. 

Hydrogen-sulphide reduction for the purpose of including dehydro- 
ascorbic acid gave no increases or negligible increases only in dye-reducing 
values for fresh vegetables and fruits, with the exception of freshly har- 
vested beets. The dye-reducing value for the beets with hydrogen-sulphide 
treatment was nearly twice that obtained before hydrogen-sulphide reduc- 
tion. This increase in the dye-reducing value, however, was eliminated by 
the formaldehyde blank and was attributed to interference from a non- 
specific dye-reducing substance with a reductone-like structure formed in 
the beet extract during the hydrogen-sulphide treatment. To consider this 
increased value obtained by the unmodified method as dehydroascorbic acid 
would appear to be erroneous. 

Large increases in dye-reducing values after hydrogen-sulphide treat- 
ment were found in the majority of the preserved foods and in all the 
honey samples. With the freshly prepared cranberry sauce, the increase 
in dye-reducing values was eliminated by the formaldehyde blank. The 
increases in dye-reducing values in the other samples, however, were not 
eliminated, or only partially, \>y the formaldehyde blank. 
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Hydrogen-sulphide treatment gave moderate increases in dye-reducing 
values for canned sweet potatoes, large increases for canned beets, and no 
increases for canned tomatoes and pimientos. Increases in dye-reducing 
values were also noted with orange concentrates and dehydrated orange- 
juice powders after storage. With certain of the orange concentrates and 
with the orange- juice powders, these increases were almost entirely elimi- 
nated by the formaldehyde blank. 

These increases, for which there was no correction by the formaldehyde 
blank, are attributed not to dehydroascorbic acid but to hydroquinol types 
of compounds that condense with formaldehyde in the same manner as 
ascorbic acid and hence lead to “apparent dehydroascorbic acid^^ values. 

“Apparent’* stability or increases in vitamin C were noted in many 
processed foods in storage, when the vitamin C was estimated by unmodi- 
fied dye-reduction procedures, whereas actually no “true vitamin C” was 
present. This illustrates the serious errors that may be introduced in the 
absence of a method that corrects for the nonspecific action of reductones. 
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Morse and Piper (1923) reported that soybean or vegetable milk was 
originated by the Chinese philosopher, Wliai Nain Tze, long before the 
Christian era and is known to the Chinese nnder the name of Fu Chiang, 
or bean curd sauce. This vegetable milk is used not only in the fresh 
state by the Chinese but the Japanese condense it by a process similar 
to the concentration of cow’s milk. Vegetable milk is extensively used 
throughout China for infant feeding as well as a food for adults. 

The introduction of soybean milk to the American people has occurred 
within the past few years. Attempts are being made to manufacture this 
milk in the form of a powder ; it has been used with good results in bread 
and cakes, in creaming vegetables, in custards, in chocolate or cocoa, and 
in several other food products as a substitute for cow’s milk. The high 
nutritive value of soybean milk and its many potential uses indicate that 
this product will continue to rise in importance in the human diet. 

The following comparative figures show the composition of cow’s and 
a typical soybean milk as published by the Battle Creek Pood Company 
(1937) : 


Composition 


Soybean milk Cow's milk 

(percent) (percent) 


Protein ,S.(iO 

Eat 1.52 

(\arbohydratp8 5.00 

Palciuiu 0.025 

Iron 0.0010 

Ash 0.79 

(Viloru'H per ounce 13.7 


3.30 

4.00 

5.00 
0.114 
0.0002 
0.70 

19.7 


It may be seen from the figures given that the composition of soybean 
milk closely resembles that of cow’s milk. The iron content of soybean 
milk is about five times that of cow’s milk, while the calcium content is 
considerably lower, although it compares with the calcium content of 
human milk. 

Prom a bacteriological viewpoint, however, the sale and development of 
soybean milk on a commercial scale present new technical problems, the 
importance of which is as yet undetermined. This investigation was under- 
taken in an attempt to determine the comparability of various biochemical 
reactions produced in cow ’s and soybean milk when inoculated with Ldcto- 

^Professor of Chemistry, Missouri Valley College, Marshall, Missouri. 
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bacillus bulgaricus, Lactobacillus acidophilus, Streptococcus liquefaciens, 
Streptococcus lactis, Aerobacter aerogenes, and Escherichia coli. 

EXPERIMENTAL PROCEDURE 

The test organisms used in this investigation were obtained from the 
stock culture collection maintained in the Department of Bacteriology, The 
Ohio State University. The cultures were carried in litmus milk, trans- 
ferred once a week, and incubated at 37'^C.(98.6°F.) until coagulation 
occurred. The cultures were removed immediately after coagulation and 
held at 5®C. (41°P.). In no case were inoculations made directly from the 
stock cultures, but instead, transfers were made from new cultures which 
were prepared from the stock cultures. The stock cultures were examined 
microscopically every two weeks to determine their purity. 

Sterile aqueous solution of litmus was added to fresh skim milk until 
a robin’s egg blue color was obtained, and then the milk was sterilized at 
100°C.(212°F.) for 20 minutes on three consecutive days. The soybean 
milk used was obtained from Dr. Harry Miller, Director of the Inter- 
national Nutrition Laboratory, Mt. Vernon, Ohio. The method used for 
the preparation of soybean litmus milk was similar to the method employed 
in the preparation of cow’s litmus milk. 

Approximately 10 c.c. of the cow’s and soybean litmus milk were inocu- 
lated with 0.1 c.c. of a two-day old culture of the test organisms, then 
incubated at 37^(’. for 24, 48, 72, and 96 hours. All samples of milk were 
inoculated with the test organisms and incubated at 37^(^ for the respec- 
tive incubation periods, except S. lactis, which was incubated at 21^0. 
(69.8°P.). The biochemical reactions were noted at the end of each incu- 
bation period; results are presented (Table 1). 

Micrometric measurements of the test organisms grown in the two kinds 
of milk were studied with the aid of a Bausch and Lomb stage and ocular 
micrometer. The direct mi(;roscopic staining procedure was used as sug- 
gested in ‘^Standard Methods for the Examination of Dairy Products” 
(1939). 

The hydrogen-ion concentration was determined on 10-e.c. samples of 
each type of milk inoculated with the test organisms and incubated at 21 
or 37° C. for 0, 18, 48, 72, 96, and 120 hours. A Coleman 3C glass electrode 
potentiometer was used. The data are presented (Table 2). 

RESUr/rS AND DISCUSSION 

Growth of L. bulgaricus in soybean litmus milk showed that coagulation 
occurred more rapidly, whereas in litmus milk acid production and litmus 
reduction were more pronounced (Table 1-a). It was observed upon growth 
of L. acidophilus in soybean litmus milk that coagulation did not occur 
until after an incubation period of 48 hours, while in litmus milk coagu- 
lation was evident after 24 hours. Likewise, reduction of litmus was 
incomplete after 96 hours in the soybean litmus milk, while in litmus milk 
reduction occurred after 24 hours, and peptonization did not occur in 
either sample (Table 1-b). S. liquefacisns produced marked peptonization 
of litmus milk while in soybean milk this reaction was only slightly evident. 
Acid production, coagulation, and reduction of litmus occurred to the same 
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TABLE 1 

Biochemical Eeactiona Produced in Cow*s and Soybean Litmus MiXlc When 
Inoculated With L. bulgaricus, L, acidophilus, 8, liquefaciens, 

S, lactis, A, aero genes, and E, ooli ‘ 



a. Cow's milk inoculated with 

L. bvlgaricuK and held 
at37‘*C. 

a. Soybean milk inoculated with 

L. hiUffaricus and held 
at 37*0. 

24 hr. 

48 hr. 

72 hr. 

96 hr. 

24 hr. 

48 hr. 

72 hr. 

96 hr. 

Coagulation 

a 

— 

X 

X 

— 

X 

X 

X 

Beduction of litmus 

« 

X 

X 

X 

— 

« 

1 

X 

X 

Acid production 

* 

X 

X 

X 


» 

X 1 

X 

Peptonization 

— 

— 

— 

— 


— 

— 

— 

Controls 

— 

— 

— 

— 

— 

— 

— 

— 


1 b. Cow’s milk inoculated with 

b. Soybean milk inoculated with 


L. 

aeidophUug and held 

L. aeidophilug and held 



at 37‘’C. 

i 


at37“C. 


Coagulation 

— 

X 

X 

X 


* 

X 

X 

Beduction of litmus 

« 

X 

X 

X 

# 

* 

# 

* 

Acid production 

# 

X 

X 

X 

X 


X 

X 

Peptonization 

— 

— 

— 

— 

— 

— j 


— 

Controls 

1 

— 

— 

— 

— 

— 

— 

— 


c. Cow’s milk inoculated with 

c. Soybean milk inoculated with 


S. liquefacUns and held 

8. liqueforcieng and held 



at 37®C. 



at 37®C. 


Coagulation 

! X 

X 

X 

X 

X 

X 

X 

X 

Beduction of litmus 

X 

X 

X 

X 

X 

X 

X 

X 

Acid production 

X 

X 

X 

X 

X 

X 

X 

X 

Peptonization 

X 

1 ^ 

X 

X 

— 

__ 


* 

Controls 

— 

— 

— 

— 

— 

— i 

— 

— 


' d. Cow’s milk inoculated with I 

d. Soybean milk inoculated with 



S. lactis and held 



S. lactis and held 




at21‘’C. 



at21®0. 


Coagulation 

X 

X 

X 

X 

* 

X 

X 

X 

Beduction of litmus 

X 

X 

X 

X 


X 

X 

X 

Acid production 

! X 

X 

X 

X 

* 

X 

X 

X 

Peptonization 

— 

— 

— 

— 

— 

— 

— 

— 

Controls 

1 — 

— 

— 

— 

— 

— 

— 

— 


e. Cow’s milk inoculated with I 

e. Soybean milk inoculated with 


A 

. a$roffen«B and held 

A. turoggnga and held 



at37®C. 



at 37*0. 


Coagulation 

— 

— 

« 

# 

X 

X 

X 

X 

Beduction of litmus 

* 

X 

X 

X 

— 

— 

— 

* 

Acid production 

Mr 

* 

* 

X 

X 

X 

X 

X 

Peptonization 

— 

! — 

— 

» 

X 

X 

X 

X 

Controls 

— 

— 

— 

— 

— 

— 

— 

-- 


1 f. Cow’s milk inoculated with I 

f. Soybean milk inoculated with 



E. coli and held 



E. coli and held 




at37®C. 



at 37*0. 


Coagulation 

— ! 

— 

— 



« 

X 

1 X 

Beduction of litmus 


* 

* 

* 

— 

— 

1 — 

* 

Acid production 

« 

» 

* 

* 

* 

« 

X 

X 

Peptonization 

— 

— 

— 

— 

— 

— 

— 

— 

Controls 

— 

— 

— 

— 

— 

— 

— 



^Ayersge of two determinations; incubated at 21 or 37**0. for 24, 4B, 72, and 96 hours. 
*( — ) No reaction; (x) positive reaction; (*) partial reaction. 
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extent for this organism in each type of milk (Table 1-c). The biochemical 
reactions induced by 8. lactis in soybean litmus milk were retarded as 
compared with the reactions obtained for litmus milk (Table 1-d), Acid 
production and coagulation of soybean litmus milk by A, aerogenes oc- 
curred within 24 hours at 37®C., whereas in litmus milk coagulation did 
not occur after 48 hours. Marked peptonization was produced by A. aero- 
genes in soybean milk, while in litmus milk peptonization occurred only 
slightly (Table 1-e). A partial coagulation and some acid formation 
occurred upon growth of E. coli in soybean milk ; however, for litmus milk 
these reactions were only partial (Table 1-f ). 

Upon consideration of the entire incubation period range a slight 
increase in the hydrogen-ion concentration occurred in the soybean milk 
as produced by L, lulgaricus, 8, lactis, A. aerogenes, L, acidophilus, and 
8, liquefaciens ; whereas the pH value produced by E, coli in cow’s milk 
was greater than that for soybean milk held under the same conditions 
(Table 2). 

TABLE 2 

A Comparison of pH on Cow *8 and Soybean Milk When Inoculated With L. hulgaricus, 
8, lactis f A. aerogenes, L, acidophilus, E, coli, and S. liquefaciens * 


(a) Influence on pH of m^ium when inoculated with L. hulgarieus and held at 37*^0. 


Type of milk 

0 hr. 

0 hr. 

18 hr. 

48 hr. 

72 hr. 

96 hr. 

120 hr. 

Soybean milk 

6.70® 

6.41* 

4.80 

3.85 

3.59 

3.50 

3.51 

Cow’s milk.... 

6.61 

6.45 

5.81 

4.60 

4.01 

3.50 

3.57 



(b) 8, lactis at 21®C. 


Soybean milk 

6.61 

6.45 

5.61 

1 4.13 

4.21 



Cow ’s milk 

6.70 

6.41 

5.72 


4.22 

1 4.18 I 

1 4.21 


(c) A. acregtnes at 37*0. 


Soybean milk 

Cow ’s milk 

6.70 
6.61 1 

6.41 1 
6.45 

5.21 
5.28 1 

5.00 

5.10 

4.97 

5.00 

4.95 

5.12 

5.01 

5.15 


(d) L. acidophilus at 37* 

C. 




Soybean milk 

6.70 

6.41 

4.21 

3.60 

3.50 

3.58 

3.61 

Cow ’s milk 

6.61 

6.45 

5.21 

4.10 

3.72 

3.70 

3.75 

(e) E. coli at 37*0. 

Soybean milk 

6.70 

6.41 

5.65 

5.80 

5.90 

6.50 

6.48 

Cow ’s milk 

6.61 

6.45 

5.02 

5.10 

5.10 

5.05 

4.95 

(f) 8, liquefaciens at 37*C. 

Soybean milk 

6.70 

6.41 

5.30 

4.58 

4.48 

4.52 

4.55 

Cow’s milk 

6.61 

6.45 

5.40 

4.53 j 

4.53 

4.59 

4.63 


^Average of two determinations; samples incubhted at 21 or 37 "C. for 18, 48, 72, 96, and 120 
hours. Walues given for the medium after sterilixation. 


All the test organisms that were observed micrometrically with the 
exception of L. acidophilus exhibited a uniformity of cell structure and 
size when grown in either cow’s or soybean milk. The cell size of L, acid- 
ophilus grown in cow’s milk was about one micron in diameter and one 
to 20 microns in length, whereas the cell size attained in soybean milk 
was approximately 1.25 microns in diameter and the length measured from 
two to 50 microns. 
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SUMMARY AND CONCLUSIONS 

Samples of cow’s and soybean milk were inoculated with L, hulgaricus, 
L. acidophilus, 8, liquefaciens, 8. lactis, A, aerogenes, and E, coli, A com- 
parative study was made on the rate and extent of peptonization, acid 
production, coagulation, pH, and reduction of litmus produced by these 
organisms. 

In some cases biochemical reactions were manifested more rapidly in 
soybean milk; however, variability in the production of these reactions 
occurred, some being prominent and others negligible. Growth of L. hul- 
garicus in soybean litmus milk showed that coagulation occurred more 
rapidly, whereas in litmus milk acid production and litmus reduction 
were more pronounced. L, acidophilus caused a more pronounced reduc- 
tion of litmus in cow’s milk, whereas the other biochemical reactions were 
similar in most instances. 8. liquefaciens produced only a slight proteolysis 
in soybean milk, while in cow’s milk pronounced proteolysis occurred. The 
biochemical reactions induced by 8. lactis in soybean litmus milk were 
retarded as compared with the reactions in cow’s milk. A. aerogenes 
produced extensive proteolysis in soybean milk and only a slight pro- 
teolysis in cow’s milk. Cow’s and soybean milk inoculated with E. coli 
showed a more rapid acid production and coagulation in soybean milk, 
only a slight reduction of litmus in both samples, and no peptonization. 

All the organisms observed except L. acidophihis exhibited a uniformity 
of cell structure and size when grown in either cow’s or soybean milk. 
The cell size of L. acidophilus in cow’s milk averaged one micron in diam- 
eter and one to 20 microns in length, and for soybean milk the cell size 
averaged 1.25 microns in diameter and from two to 50 microns in length. 

Soybean milk serves as an excellent culture medium for the propagation 
of the organisms studied. 
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There is a considerable and growing interest in the freezing and frozen 
storage of prepared food products. There is also a growing interest in 
the development of soybean products and their use in foods. In view of 
these trends, and because of the scarcity of published data dealing with 
the oxidation of fat in food mixtures at low temperatures, particularly 
in the presence of food material of a possible antioxidant nature, the 
present study was undertaken. 

The antioxidant effect of soybean flour on purified substrates has been 
demonstrated. Hence this flour is a food material which might be expected 
to have antioxidant proportions in a food mixture stored at low temperatures. 
Musher (1935) added raw soybean flour and bleached, extracted soybean 
flour to lard and found, using the Swift stability test, that both flours 
were effective antioxidants for lard. The raw flour was more effective than 
that which was bleached and extracted. Sylvester, Lampitt, and Ains- 
worth (1942) have presented data on the antioxidant effect on premier 
jus of soybean flour. They found that this flour had a stabilizing effect 
which was greater for fats having a long rather than a short initial induc- 
tion period. They found also that the increase in the induction period was 
not proportional to the concentration of soybean flour, since a relatively 
smaller effect was obtained as the concentration of the flour was increased. 

The constituents of soybean flour which behave as fat antioxidants are 
probably cephalin, the tocopherols, and other substances. The stabilizing 
effect of commercial soybean lecithin is probably due to its content of 
cephalin, Olcott and Mattill (1946). Both tocopherol and soybean lecithin 
have been shown to act as antioxidants for lard, but when used together, 
a considerably increased effect has been observed. The cephalin present 
in soybean lecithin acts as a synergist with tocopherol, Libby (1945) and 
Mattill (1945). 

Antioxidants other than tocopherols and cephalin have been demon- 
strated in soybean flour. Thus, Dahle..and Nelson (1941) found that an 
alcohol extract and phospholipid fraction had antioxidant properties for 
butter. Hilditch and Paul (1939) presented evidence for yet other anti- 
oxidant substances. Some of these, according to Golumbic (1942, 1943), 
are similar to chromane-5,6-quinones. 

^ Published as Technical Paper No. 496 with the approval of the director of the 
Oregon Agricultural Experiment Station. A contribution of the Experiment Station 
Department of Home Economics. 

* Acknowledgment is gratefully made for financial assistance of the General Research 
Council of the Oregon State System of Higher Education. 
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The manufacturing process for most soybean flour involves heating of 
the material. Whereas this may inactivate the cephalin, thereby reducing 
the possible antioxidant effect of the flour, the heating process probably 
would destroy the soybean enzymes, peroxidase and lipase, which other- 
wise would no doubt accelerate oxidation and splitting of fat in a food 
mixture. Ball, Axelrod, and Kies (1943) and Lea (1939). That inactiva- 
tion of the peroxidase is likely to occur during the manufacturing process, 
is shown by the work of Sumner and Tressler (1943) who investigated 
the enzyme activity of a number of types of soybean meal and found no 
peroxidase activity in most of those tested. 

The common availability of soybean flour, together with the current 
interest in frozen storage of prepared foods, has suggested the desirability 
of obtaining information as to the effect of this flour on fat in a prepared 
food mixture held in frozen storage. Since such a study requires a parallel 
study of similar food mixtures containing no soybean flour, data relative to 
keeping quality of incorporated fat in non-soy mixtures under conditions 
of frozen storage would also be obtained. 

That there is need for such information is indicated by statements 
recently appearing in papers by Greaves and Boggs (1945) and Hutchings 
and Evers (1946) dealing with problems in food preservation. 

Though many food mixtures could not reasonably include soybean flour, 
certain fat-containing foods readily lend themselves to combinations with 
this flour. 

In the present study a full-fat, debittered soybean flour was incorpo- 
rated in a pastry mix. 

EXPERIMENTAL PROCEDURE 

In order to determine whether soybean flour might inhibit oxidation 
of the fat in pastry made with wheat flour, lard, salt, and water, and if 
so, whether a small or a comparatively large quantity would have greater 
effect, five sets of pastry were prepared, using 0, 5, 10, 15, and 20 per cent 
of full-fat soybean flour substituted for an equal weight of wheat flour 
in the formula. These pastries were rolled to the same thickness and 
divided into three parts; one part was stored raw, the second part was 
stored raw and baked when removed from the freezer, and the third part 
was baked before being frozen. All were held at — 17.8°C.(0°P.) for 
periods up to six months. Peroxide numbers were determined on the fresh 
lard hnd on fat extracted from the pastry immediately after baking, and 
after three, four, and six months of frozen storage. 

Pastry containing 20 per cent by weight of soybean flour substituted 
for wheat flour in the formula was compared with an all-wheat flour pastry 
in the study of keeping quality of fat in the crust of frozen pies. Pies were 
prepared having two different types of filling: green apple, an example 
of a fruit filling ; and custard, an example of a non-fruit type. 

Soy-crust pies and plain -crust pies, both apple and custard, were 
divided into three lots: Lot 1, baked before freezing; Lot 2, stored raw; 
Lot 3, stored raw, to be baked after removal from frozen storage. The 
peroxide values and free fatty acids were determined on the fresh lard, 
and on the fat extracted ifrom the crusts of freshly baked pies of each 
kind. The pies to be stored in the freezing locker (0°F.) were made in 
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pie plates, frozen in the freezing compartment of a household-size refrig- 
erator, removed from the plates, wrapped in heavy waxed paper, and 
stored for periods up to 12 months in the freezer lOcker. 

The pies were stacked one on top of another, with no attention given 
to the position of the pies in the storage locker. This method of handling 
was necessary because of the type of locker and the amount of space 
available. There were inevitable variations in the protection or exposure 
of different pies to the atmosphere of the locker. 

At intervals of two, four, eight, and twelve months, pies from each 
lot were removed from the locker. The pies which had been stored raw, 
to be baked after removal from the locker, were unwrapped, placed in 
pie plates, and allowed to thaw in the refrigerator overnight. They were 
then baked for the same length of time, and at the same temperature as 
were the pies baked prior to freezing. 

Peroxide numbers and free fatty acids were determined on fat extracted 
from the pie crusts. 

RICSULTS AND DISCUSSION 

The peroxide numbers of fat extracted from pastry containing 0, 5, 
10, 15, and 20 per cent soybean flour substituted for an equal weight of 
wheat flour, stored at 0°P. for specified periods, are shown (Table 1). 

In each series (i.e., raw pastry, pastry baked before storage, and pastry 
stored raw and baked after removal from storage) the fat extracted from 


TABLE 1 

Peroxide Numbers^ of Fat Extracted From Pastries Stored at — 


Storage 

period 

Soybean 

flour 

Raw 

pastry 

Pastry 

baked 

before 

storing 

Pastry stored 
raw ; baked 
when removed 
from storage 

nw. 

pet. 




0 

0 

.... 

4.5 

.... 


5 

.... 

2.0 

.... 


10 

.... 

1.7 



15 

.... 

1.5 

.... 


20 

.... 

1.7 

.... 

3 

0 

2.7 

3.9 

9.7 


5 

1.4 

1.6 

2.3 


10 

2.3 

1.7 

1.9 


15 

3.4 

2.2 

1.5 


20 

3.4 ' 

2.2 

1.7 

4 

0 

2.3 

3.7 

10.5 


5 

i.r 

2.6 

2.9 


10 

1.1 

2.6 

3.2 


15 

1.1 

2.3 

2.2 


20 

1.6 

4.3 

2.2 

6 

0 

2.3 

3.4 

11.0 


5 

2.2 

1.6 

2.7 


10 

1.2 

2.0 

1.8 


15 

1.8 

2.7 

3.0 


20 

3.1 

1.2 

2.0 


^Me. H 2 OS per 1,000 gm. of fat. 
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the pastry containing no soybean flour had higher peroxide values than 
did the fat from pastry containing soybean flour. In nearly every case, 
the peroxide values of fat extracted from pastry stored raw and baked 
after removal from storage were higher than were those for fat extracted 
from the corresponding raw pastry or pastry baked prior to storage. The 
protecting effect of the soybean flour appeared to be equally efficient at 
each of the levels studied. 

Besides inhibiting fat oxidation, the soybean flour affected the tender- 
ness of the pastry and the flavor and browning during baking. The effect 
on tenderness of substituting 5, 10, 15, or 20 per cent of soy flour for 
wheat flour in the pastry formula is shown by the following comparison 
of breaking strength of pastry wafers: 


Soybean flour aubstituted 
for wheat flour 
(per centj 

Breaking strength 
(ounces) 

0 

20.6 

5 

20.6 

10 

19.1 

15 

16.0 

20 

14.4 


As can be seen, the substitution of 15 or 20 per cent full-fat soybean 
flour for wheat flour in the formula markedly ijacreased the tenderness 
of the pastry. The characteristic flavor of the soybean flour, though 
pleasant, was distinct at the 15- and 20-per cent levels, and would probably 
not be harmonious with the flavor of certain pie fillings. 

The browning during baking of pastries containing soybean flour was 
more rapid, the higher the percentage of soybean flour incorporated. Since 
it was necessary for purposes of this study to maintain constant time and 
temperature during baking, a 20-per cent soybean substitution represented 
the highest level feasible for a desirable product. 

Because of the increased tenderness of pastry made with 20 per cent 
substitution of soybean flour, and because this percentage appeared to be 
the maximum possible under conditions of this study, 20-per cent soybean 
pastry was selected to compare with an all-wheat flour pastry in the study 
of keeping quality of frozen pies. 

The free fatty acid contents of fat extracted from wheat-flour crust 
are compared with those from soy-flour crust (Table 2). Each figure rep- 


TABUE 2 

Average Free Fatty AcuV Content of Fat Extracted From Plain and Soy Crust 
of Pies Stored at —17.8°C. (0°F.) up to IS Months 


Storage period 

Wheat-flour crust 

20% soy-flour crust 

mo. 



Not stored 



(baked pies only) 

1.1 

1.2 

2 

1.3 

1.4 

4 

1.5 

1.6 

8 

1.5 

1.5 

12 

1.4 

1.6 


* KOH per one gm. of fat/ 
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resents the average of the free fatty acid values obtained on fat extracted 
from eight pie crusts, except the unstored baked pies, for which the figures 
given represent the average for three pie crusts. 

The free fatty acids were low in fat extracted from pie crusts of all 
types. They showed slight variations but no marked trends. If lipase 
activity took place, it must have proceeded at a very slow rate, 

A comparison of peroxide numbers of fat extracted from wheat-flour 
crusts and from 20-per cent soy-flour crusts for each period of frozen 
storage is shown (Table 3). 


TABLE 3 

Peroxide Numbers^ of Fat Extracted From Crust of Pies Stored at — 17,8'*C,(0''F.) 


Storage 

period 

1 Wheat-flour crusts 

Raw 

Baked prior to 
freezing 

Stored raw, baked 
when removed from 
freezer 

Summary 

Apple 

Custard 

Apple 

Custard 

Apple 

Custard 

mo. 








2 

5.6 

3.9 

11.0 

12.4 

9.0 

3.2 

7.8 

4 

4.3 

3.2 

4.9 

10.4 

10.0 

7.9 

6.5 

8 

20.2 

5.7 

11.5 

8.0 

33.3 

19.8 

17.4 

12 

38.9 

9.8 

13.5 

7.2 


21.7 

21.1 




Soy-flour crusts 

> 



2 

4.8 

3,6 

3.8 

2.0 

3.5 

2.9 

3.4 

4 

1.2 

3.3 

2.8 

1.7 

5.6 

1.2 

3.0 

8 

3.1 

2.4 

4.4 

6.9 

4.7 

7.8 

4.6 

12 

3.1 

2.9 

3.3 

1.9 

9.4 

3.1 

4.4 


' Me. HaOa per 1 ,000 gm. of fat. * Twenty per cent soy flour substituted for wheat flour. 


The peroxide values of fat extracted from pie crust made with 20-per 
cent soybean flour were lower at each storage period than were those of 
fat extracted from corresponding pie crusts containing no soy flour. 

Neither the raw nor baked custards were satisfactory. Custards which 
were baked, followed by freezing and thawing, had un.satisfactorj’' texture. 
Preliminary tests did not result in satisfactory products even though the 
custards were but partially set when removed from the oven. The baked 
pies were stored and analyzed in order to supply some data in regard to 
non-fruit pies. The custard pies frozen raw and baked after removal 
from the locker were desirable as to consistency of the fillhig; but the 
flavor of the custard had noticeably deteriorated b}^ the end of four months 
of storage. 

Apple pies, whether stored raw and baked after removal from the 
locker or baked prior to freezing, retained a satisfactory flavor and tex- 
ture throughout the 12-month storage period. Since peroxide numbers 
of fat extracted from the non-soy crusts of these pies were comparatively 
high after eight months of storage, it would probably be inadvisable to 
hold pies such as these under similar conditions of storage longer than 
eight months. 

Evaluation by judging of the flavor and texture of prebaked apple 
pies was carried out after 14 to 15 months of frozen storage. One each , 
of the soy and plain apple pies baked prior to freezing were reheated at 
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home by four different families; one of each were reheated in the labora- 
tory and an estimate of quality made by six students and teachers. No 
score card was provided. The families, students, and teachers were asked 
to make an estimate of the quality of the pies, and to say particularly 
whether they considered the pies good as compared with their standards 
for fresh green apple pie. The comments were that the pies were good 
to excellent. Opinions differed as to the comparative desirability of the 
soybean crust versus the plain crust. It was remarked that the soy crust, 
though very tender, was more crumbly than crisp. No sogginess of the 
crust was observed. 

SUMMARY 

The effectiveness of soybean flour as an antioxidant for lard in frozen 
pastry was tested, using pastry made with 0, 5, 10, 15, or 20 per cent 
full-fat, debittered soybean flour; and using pies of two different types, 
apple and custard, for which the pastry contained 0 or 20 per cent soy- 
bean flour. Three series of each type of pastry and pies were prepared. 
One series was baked prior to freezing; the second series was stored raw; 
and the third series was stored raw and baked after removal from the 
freezer. 

Peroxide numbers were determined on fat extracted from pastry con- 
taining the different percentages of soybean flour. Free fatty acids as 
well as peroxide numbers were determined on fat extracted from crusts 
of pies held in frozen storage at 0°F. up to 12 months. 

Free fatty acids were low and showed little difference between fats 
extracted from the different pie crusts. 

In all cases, under conditions of this study, peroxide formation was 
inhibited in fat of pastry containing soybean flour. Peroxide numbers 
showed that fat in pastry containing soybean flour in proportions of 5, 10, 
15, or 20 per cent kept about equally well, with little difference between 
soy pastry stored raw or that baked prior to freezing. 
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Methylene blue in the absence of oxygen is widely used to measure 
'‘reductase'’ activity of bacteria cells or of cell-free enzyme preparations. 
A modification of the "methylene blue technique," frequently called the 
"reductase test," has long been applied to milk containing dissolved O 2 
as a means of estimating its sanitary history and keeping quality. The 
test is usually considered an indirect quantitative index of the viable 
bacterial content at the start of incubation. The substitution of resazurin 
for methylene blue was recommended by Pesch and Simmert (1928) and 
has since been used by many milk control laboratories. 

Recently Scott and Gillespie (1943, 1944) applied the resazurin test 
to the quality grading of egg "pulp" prepared in various Australian 
states and found that the rate at which resazurin is reduced to pink color 
afforded a reliable index of the bacterial content of the pulp. Berry and 
Wolford (1945), using the technique described in this paper, examined 
stored frozen-egg emulsions and obtained reduction values approximating 
those of Scott and Gillespie. Johns ^1944) investigated the usefulness of 
the reductase test in a study of the microbiology of egg powder using 
methylene blue and resazurin, and reported that the tests involved end- 
point difficulties and long incubation periods. 

Preliminary investigations on the application of the resazurin-dye test 
to inoculated egg liquid and powder indicated that the rate of dye reduc- 
tion by inoculated lyophilized powders was not related to the plate count 
of such powders but appeared to be related to the number of viable bac- 
teria in the melange prior to drying. The object of the work reported here, 
therefore, was to investigate the effect of dehydration by lyophilization 
and of storage on the rate of resazurin-dye reduction by inoculated and 
uninoculated egg emulsions in relation to their viable count. 

METHODS 

The eggs used were IT. S. Grade A. The shells were broken aseptically 
by the method tentatively suggested for shell egg in "Standard Methods 
for the Examination of Dairy Products" (1941). Half of each lot of egg 
emulsion w^as inoculated with Pseudomonas fluorescens.^ This organism was 

' Now Director of Foofl Laboratories, Quartermaster Food and Container Institute 
for the Army Forces, Chicago, Illinois. 

* Bureau of Agricultural and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. S. Department of Agriculture. 

^Pseudomonas fluoreseens (W.R.R.L. No. 126) was originally obtained from Cornell 
University. The organism was cultivated in broth containing 0.3 per cent beef extract, 
0.5 per cent peptone, 0.5 per cent dextrose, and 0.1 per cent yeast extract, which was 
incubated at 30°C.(86®F.) for 48 hours and centrifuged; the cells from 200 ml. of broth 
were resuspended in 2.5 ml. of sterile distilled HbO. The organisms from 1200 ml. of 
broth were used to inoculate each lot of pulp collected from 12 eggs. 
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chosen for inoculation, as members of this genus occur with relative fre- 
quency in commercial egg liquids. To emphasize any difference between 
powders of good sanitary history (uninoculated) and poor sanitary history 
(inoculated) massive doses of Ps. fluorescens were used. The inoculated 
emulsions before lyophilization contained from 430 x 10^ to 3700 x 10*^ 
viable organisms per gram of egg liquid. However, the plate counts of 
the stored powders prepared from inoculated liquids were comparable to 
those frequently reported for commercially dried eggs. 

The inoculated and uninoenlated liquids were churned in sterile Waring 
blendors, equipped with glass containers, and distributed into 500-ml. 
boiling flasks in 100-ml. quantities. After distribution the liquids were 
stored overnight at 2.2°C,(36®P.). The following morning they were 
shaken vigorously and dried by vacuum from the frozen state (lyophilized) 
to powders containing two per cent moisture or less. This method of drying 
permitted adequate quality control of the raw material and essentially 
aseptic conditions during processing. The lyophilized powders were trans- 
ferred to sterile, screw-cap, glass containers and sealed with paraffin for 
storage. 

Plate counts were made on emulsions prepared by mixiqg.five grams 
of shell egg liquid, or two to five grams of egg powder as available, with 
sterile, distilled water acxiording to tentative procedures described by the 
American Public Health Association in ‘‘Standard Methods for the Ex- 
amination of Dairy Products’^ (1941). One-ml. aliquots of appropriate 
dilutions were plated in duplicate in tryptone-glucose-extract agar, and 
incubated at 30°C.(86‘^P.) for three days. Direct counts were made by 
spreading 0.01 ml, of 1:10 dilution of shelled-egg liquid, or 1:40 dilution 
of emulsified egg powder, over a one-sq. cm. area previously marked on a 
clean glass slide. Duplicate preparations were made. The films were 
defatted and fixed by two one-minute treatments in xylene and two one- 
minute treatments in absolute methanol. The preparations were stained 
with a 2:1 mixture of methylene blue and basic fuchsin, as described by 
Gray (1943) for the direct count of bacteria in milk. Since emulsified or 
reconstituted whole-egg powders are alkaline, it was found necessary to 
acidify with 0.5 N HCl to approximately pH 5.5 before staining. The 
bacterial count was facilitated by the use of a ruled ocular micrometer 
disc giving a field which measured 0.1 x 0.1 mm. A factor of 1,000,000 
was therefore used to obtain the number of bacteria in 1.0 ml. of dilution 
examined. 

Moisture determinations on the egg powders were made according to 
the procedure adopted by the Association of Official Agricultural Chem- 
ists (1940) for moisture in dried eggs. 

For convenience of application to both liquid-egg and powdered-egg 
samples, a slight modification of the usual “reductase^’ test was employed: 
4.0 ml. of liquid whole egg emulsified with 6.0 ml. of sterile, distilled lIjO, 
or 1.0 gram of dry egg powder emulsified with 9.0 ml. of sterile, distilled 
II 2 O, were placed in sterile 18 x 150-mm. test tubes and 0.2 ml. of 0.05 
per cent resazurin dye solution added. The egg-pulp concentration was 
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40 per cent of that used by Scott and Gillespie (1943, 1944) and corre- 
sponded to 1:10 dilution of powder. This concentration of powder was 
convenient for plating ; i.e., lO-ml. aliquots could be withdrawn from the 
first dilution bottle prepared for the plate counts. The tubes were stop- 
pered and inverted several times to insure thorough mixing, stoppers were 
replaced by sterile cotton plugs, and tubes were placed in a 35°C.(95'’F.) 
water bath protected from light. At each observation time during the 
first stage of dye reduction (blue to pink) the tubes were gently shaken. 



■PSEUDOMONAS FLUORESCENS ESCHERICHIA COLI 
O EGG EMULSIONS A EGG EMULSION 

9 UNSTORED POWDER A UNSTORED POWDER 

• STORED POWDER ▲ STORED POWDER 

Fig. 1. Effect of lyophilization and storage on relationship of resazurin reduction to 
plate counts of inoculated eggs. 


During the second stage (pink to colorless) care was taken not to shake 
the contents. Color change to pink was measured by comparison with plate 
No. 43 in the book by Maerz and Paul (1930). A glass plate with slight 
yellow tinge was placed over the color chart and served to improve color 
comparison^. Variations in color of egg emulsions, in light (whether natu- 
ral or artificial), and in dye lots affected color comparisons. The dye 
solution was sterilized in the autoclave at 10 pounds’ steam pressure for 
10 minutes before use. 
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EXPERIMENTS 

Resazurin Reduction hy Inoculated and Vninoculated Emulsions Pre- 
pared From Shell Eggs: To determine whether resazurin reduction by 
lyophilized egg powders would serve as a criterion of bacterial {Pseudo- 
monas flnorescens) contamination, it was necessary to (a) determine the 
rate of resazurin reduction by fresh, uninoculated (sterile) egg liquid and 
(b) establish quantitative relationships between dye-reducing power and 
numbers of viable Ps. fluorescens in inoculated egg liquid. Using the 
technique described, it was found that sterile egg liquid did not change the 
dye color further than blue-lavender in 24 hours. Addition of increasing 
amounts of egg liquid containing 70 x 10''* viable Ps, fluorescens organisms 
per milliliter caused a progressive increase in resazurin reduction rate 
(Fig. 1). 


TABLE 3 

Effect of Lyophilisation on Eesazurin Redvciion hy Whole-Egg Emulsions^ 
Uninoculated and Inoculated With Ps. fltio'rescens 



1 Before lyophilization 

[ After lyophilization 

History 

Plate * 
count 

Direct 

count 

Time for 
reduction 
to pink 

Plate 

count 

Direct 

count 

Time for 
reduction 
to pink 


xlO^ 

‘XlO‘ 

vnin. 

XlO^ 

xio* 

min. 

Inoculated 

760 

3700 

30 

0.21 

3200 

45 

Inoculated 

430 

3600 

30 

0.38 

3600 

35 

Inoculated 

3700 

2500 

50 

0.55 

1800 

60 

Inoculated 

240 

8300 

20 

2.30 

5100 

25 

Inoculated 

990 

8100 

20 

1.60 

4600 

35 

Inoculated 

2100 

2000 

30 

0.12 

1800 

120* 

Inoculated 

3100 

5100 

<30 

1.40 

3400 

30 

Inoculated 

1400 

4900 

30 

0.02 

3100 

45 

Ilninoculated 

Uninoculated 

Uninoculated 

Uninoculated 

<0.0001 

<0.0001 

<0.0001 

<0.0001 


Idttle 
change in 
5-8 hours 

1 

<0.0001 

<0.0001 

<0.0001 

<0.0001 


Little 
change in 
5-8 hours 


^ All plate and direct counts are given as number of bacteria per gram of whole-egg liquid. Aj 
lyophilization reduced whole-egg liquid to approximately one-fourth its original weight, the numben 
of bacteria per gram of powder are divided by 4. * Owing to breakdown in apparatus, frozen emul 

sion melted before drying was completed. 


Effect of Lyophilization on Resazurin Reduction hy Inoculated and 
Vninoculated Egg Emulsions: Throughout a six months’ period, eight lots 
of egg liquid were heavily inoculated with Ps. fluorescens, lyophilized, and 
tested for resazurin-reducing action and viable count. The results show 
that over 99 per cent of the bacteria failed to grow after dehydration, but 
that dye reduction by the emulsions prepared from inoculated powders 
remained relatively high. The rate of dye reduction by the emulsions of 
inoculated powders showed a general correlation with the direct counts 
and with the numbers of viable organisms in the liquid before drying, but 
bore little or no relationship to the plate counts after drying. The dye 
reduction by emulsions prepared from uninoculated egg liquid and powder 
was negligible compared with the reducing action of the emulsions from 
inoculated powders (Table 1). Some loss of dye-reducing power occurred 
during lyophilization, but this was not proportional to the loss of viable 



TABLE 2 

Effect of Storage on Resa^urin Reduction of Egg Powders Prepared From 
Inoculated and Uninoculated Emulsions 
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Ps. fluorcsccns cells 1). One lot of heavily inoculated with 

Escherichia coli and tested before and after lyophilization gave similar 
results (Fig. 1). 

Retention of Resazurin-R educing Acfioyi hg Emulsions Prepared From 
Inoculaicd and TJninoculaled Egg Powders During Storage: Inoculated 
and uninoculated egg liquids were lyophilized and stored at 2.2°C. (36^F’.) 
for four weeks and — 28.9 and ( — 20 and ) for 12 weeks. Sam- 

ples were removed dui'ing storage for })late (-ounts and for dye-reduction 
determinations. The results sliow that, in general, viable counts of the 
stored inoculated jiowders decreased ra])idly, but that the dye-reducing 
action of thes(* powders, as determined by fii>t stage of dye reduction (blue 
to pink) remained relatively high (Table 2). Dye reduction by emulsions 
of uninoculated powders increased with increasing storage time at 95°F., 
but within the conditions of this experiment remaiiuHl low or negligible as 
com]Uired with the activity of emulsions of iiioculat(‘d powders. 

Decrease in the dye-reducing action, attributable to bacteria, occurred 
during storage. Activity losses were greater at 95"" F. than at — 20® F. 
These losses were not so aj)parent in observations of the first stage of 
resazurin reduction (blue to ])ink) but were a])])arent in observations of 
the second stage of dye reduction (i)ink to colorless). The reason for this 
is not known but is illustrated by comparing the first and second stage 
reduction times of the emulsions of stored inoculated powders (Table 2). 
The dye-reducing power (bacterial) of the inoculated stored powders (as 
determined by the blue-to-pink stage) bore little or no relationship to 
the number of viabh* Ps. fluorescens cells (Fig. 1). 

Effect of Heat (liiFF. for 20 Mi}nii(s) on Resazurin Reduction hy 
Inoculated and 1' n inoculaicd Egg Emulsietns : Three lots of uninoculated, 
whole-shell-egg li(pnds and three lots of the same li(|uids inoculated with 
Ps. fluorescens were maintained at 14!)* F. i for 20 minutes. The 

f)reheating time to bring to this temperatun* was approximately 20 min- 
utes. l^late counts and dye-reduction tests were made before and after 
heating. The results indicate the thermolability of the dye-reducing action 
attributable to bacteria under the conditions of this experiment. After 
heating, over 99.9 per cent of the Ps, fluorescens organisms failed to grow 
and losses of approximately 90 i)er cent of reducing activity were observed 
(Table 3). Dye reduction by the uninocnlated. heated emulsions remained 
low or negligible compared with that by the inoculated emulsions. 

Resazurin-Reducing Aciion of Various Bacteria in Shell-Egg Emidsions : 
It is, of course, recognized that organisms differ in resazurin -reducing 
power. This is illustrated in liquid egg by pure-culture study. Using 
similar levels of inoculum in sterile-egg emulsions, it was found that two 
strains of Escherichia coli, Micrococcus conglomeratus, and an unidentified 
bacterium isolated from a commercially dried egg powder reduced resa- 
zurin to colorless within five hours, but that Bacillus mcsentericus, B, 
suhtilis, and Lactohacillns casei caused no color change during this time. 
Emulsions heavily inoculated with Micrococcus lysodeihticus, which is, of 
course, lysed by egg lysozyme, caused dye reduction to pink within one 
hour when tested immediately after the addition of the bacteria. 
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DISCUSSION 

]f dye-rediietioii rates were related to the number of viable organisms, 
a sharp decrease in the number of viable bacteria should cause corre- 
sponding decreases iii rate. This study shows, however, that the general 
correlation existing betw(*e]i plate count and rate of resazurin reduction 
by liquid eggs inoculated with Pa. fluorcscois may be disriijited by lyophili- 
zatioii and further by storage. Sijice dye reduction by emulsions prepared 
from inoculated ])owders bears little or no relationship to the plate counts 
of the powders, the rate could not be relabel to the number of viable 
organisms jiresent at the start of the incubation period of the “reductase” 
test, and indicates that bacterial catalysts (enzymes), or reducing sub- 
stances formed by the bacteria before or aft(‘r the dt‘ath of the organisms, 
W(‘re responsible for r(*sazurin reduction. The relatively high reducing 
powers of the inoculated, ]yophi]iz(‘d powders showed that these catalysts, 
or the reducing substanc'es, remaiiied active after the death of the organ- 
isms but did not prove that thes(‘ agents contributed to (piality changes in 
th(‘ I)owder during storage. Since emulsions pre])ared from un inoculated 
egg ])owders caus(*d a slow dye-color change, and since storage of the 
powder at 9r)'''F. increas(‘d the rate of color cliange, it appears possible 
that elnunical reactions b(‘1we(‘n egg comj^ommts may cause resazurin color 
change. The role of baetiu-ial catalysts or reducing agents and the infiuoice 
of egg components on ivsazurin reduction in egg j)ower will be the subject 
of a further communication. 

The study suggests that the sanitary history of certain foods not saib- 
ject(‘d to heat treatment in th(‘ process of manufacture might be gauged 
by the resazurin test. 

SUMMARY AND CONCriUSIONS 

The resazurin dye-rechiction test was applied to uninoculated whole-egg 
emidsions, to emulsions inoculated with Ps, fiiiorcsccns, and to the pow- 
dered products prej)ared by lyophilization. It was found that a general 
r<‘lationship existed between plate count of liquid eggs inoculated with 
Ps. fluoresvens and dye-reducing time. This relationship was disrupted 
by lyophilization and further by storage. The resazurin-reducing action 
of emulsions prej)ared from inoculated powders remained relatively high, 
although plate counts were reduced 99 i>er cent or more by lyophilization 
and de(*reased to lower and negligible values during storage. Losses dur- 
ing storage of dye-reducing power having bacterial origin, were greater 
at 95^F. than at — 2()°F., as indicated by the second stage of dye reduction 
in tests of emulsions prei)ared from the stored inoculated powders. These 
losses were not so apparent when measured by the first stage of dye 
reduction. 

When egg liquid, inoculated with Ps. fluorcsccns, was heated at 149°F. 
for 20 minutes, it was found that approximately 99.9 ])er cent of the 
bacteria failed to grow after heating and that losses of over 90 per cent 
of dye-reducing activity also occurred. 

8terile-egg emulsions inoculated with similar levels of two strains of 
Escherichia coli^ Micrococcus conglomeratus, and an unidentified bacterium 
isolated from commercially dried egg i)ow^der caused resazurin reduction 
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within five hours, while like inoculations of Bacillus mcsentericus, B. suh- 
tilis, and Lactohacillus casei did not cause color changre during this time. 
A heavy inoculation with Micrococcus lysodeikticus, which is sensitive to 
lysozyme, caused dye reduction when tested immediately after addition 
of the organism. 

Dye-reducing action by uninoculated egg liquid and by emulsions pre- 
pared from uninoculated, freshly lyophilized powder was low or negligible 
compared with inoculated liquids. The reducing action of the uninoculated 
liquid egg heated at 149 °F. for 20 minutes was also low. Dye-reducing 
action by emulsions prepared from uninoculated stored powders increased 
with storage time at 95° P.. but remained low compared with that by 
emulsions of inoculated powders. 
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Little work appears to have been done on the influence of bacteria on 
the loss of powder quality as determined by the usual quality tests of 
palatability, fluorescence, solubility, etc. DeBord (1925) noted that a 
somew^hat rancid odor developed in powders during storage, particularly 
when those powders were prepared from low-grade eggs and stored at 
37°C.(98.6°F.). He stated that the counts of viable bacteria furnished 
little basis for estimating the quality of the product. Thistle, Pearce, and 
Gibbons (1943) found that moisture content and bacterial plate count 
are independent measures of quality, and that the slight degree of asso- 
ciation between bacterial count and palatability in prime-quality powders 
was presumably fortuitous. Gibbons and Fulton (1943) stated: ''Although 
there is as yet no direct evidence that any correlation exists between 
bacterial content and quality of egg powders, the number of bacteria gives 
some indication of sanitation in the . . . processing plants.’^ Recently 
{Stuart, Goresline, Smart, and Dawson (1945) showed that spray-dried 
egg powder of low sanitary (lualitj" decreased in solubility during storage 
to a greater extent than powder of high sanitary quality. 

Marked differences in deteriorative changes during storage, as measured 
by the usual quality criteria, in commercially spray-dried and in lyophilized 
whole-egg powders have been observed in this laboratory. Some of the 
differen(‘es in storage behavior were quite ])robably related to differences 
in drying procedur(‘s and some to the quality of the shell egg used. It is 
obvious that microbial growth in the egg liquid might cause undesirable 
changes whicli would affect the (piality of the powdered product. It is 
reported in a comj)anioii communication by llirschmaiin and Lightbody 
(1947 ) that catalysts or nHliudug substances of microbial origin survived 
lyophilization and retained the })ower to reduce resazurin dye. It appeared 
possible that these agents might accelerate changes and shorten storage 
life of egg powder. The object of this study, therefore, was to determine 
whether large numbers of Pseudo^iionas jiuorf scens, incorporated in egg 
liquids prior to drying by lyophilization, contributed to deterioration of 
the low-moisture powders during storage, as estimated by the usual criteria 
of quality. 

METHODS 

Liquid egg pulp was collected aseptically and one half of each lot inocu- 
lated with Ps. fluorescent. The liquids were dried by lyophilization, and 
the powxlers stored in sealed glass containers. Details concerning inoculum, 
distribution, lyophilization, and storage and the methods used for moisture 

^ Now Director of Food Laboratories, Quartermaster Food and Container Institute 
for the Army Forces, Cliicafco, Illinois. 

® Bureau of Agrieultural and Industrial Chemistry, Agricultural Research Adminis- 
tration, U. 8. Department of Agriculture. 
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determinations and plate counts are described in tlie companion communi- 
cation. IJydro^en-ion concentrations were determined on ] :1() dilutions 
of the powd(*r in distilled water. Free fatty acid content was determined 
by the procedure recommended by Kline and Johnson (1946). For palata- 
bility values the reconstituted powder was mixed with erpial parts of fresh 
shell ejx^^ and cooked over water at 87.8°( (190°F.) with stirrinjr until 
coa^uJaled. The flavor of the cooked e«:"s was rated in duplicate by eight 
tasters and the average of all scores reported. 

Salt-soluble fluorescence was determined by the method used by Pearce, 
Thistle, and Reid (1943). Lipid fluorescence, described by Dutton and 
Edwards (1946), was determined on a Coleman iluorometer standardized 
for (|uiinne sulfate, as described by these authors. Jn order to conserve 
material and labor, the three chloroform extracts obtaimul from the sample 
prepared for the salt-soluble fluorescence determination were combined and 
brought to lOO-ml. volume by addition of c.p. chloroform. For the fluoro- 
metric reading, five ml. of this extract was further diluted with 20 ml. 
of chloroform. The fluorometer was corrected for the fluorescing value of 
the chloroform. 

A modification of the r(*sazuriii-re<lucing test, using dry dye, was em- 
ployed as a m(*ans of following change's in the inoculated and uninoeuilated 
egg powders during storage. Steudle resazurin dye (eipiivalent to 5.0 ml. 
of 0.05 per cent resazurin solution per 100 ml. of egg pulp) was added to 
the egg liepiid immediately befoi*e freezing for lyophilization. The resulting 
colored powders were observed for dye reduction during storage, reduction 
being indicated by changes in color which progressed from green to blue, 
lavender, pink, and ^‘fading.’’ As no satisfactory chart was available for 
the entire color range, subjective observations were compared with controls 
kept at — 28.9°C.( — 20'^F.). The blue to lavender-pink range was com- 
pared with ]\Iaerz and PauFs color charts 42 and 43 in A Diciianary of 
Color (1930). A glass plate was ])laccd over the charts, which imparted a 
slight yellowish tinge to the colors and im])roved the comparisons. 

EXPERIMENTS 

Effect of Ps. finorescens on Stored lAjophUized Eggs as Determined hy 
Salt and Lipid Fluorescence : Liquid eggs, uninoculated and inoculated 
with Ps, fluorcscens, were lyophilized to powders containing 1.9 and 2.0 
per cent moisture. Portions of the powders were stored at — 28.9 and 35° C. 
( — 20 and 95®F.) in sealed containers. Plate counts were made on the 
egg liquids and powders before storage and after two, four, eight, and 12 
weeks of storage. The fluon'seence values of the salt-water extracts and 
chloroform extracts of the powders were determined at the end of the 
storage periods. 

Over 99.9 per cent of the Ps. fluorcscens failed to grow after lyophiliza- 
tion when the numbers of viable organisms were calculated on the basis 
of cells per gram of liquid egg. The death rate of the surviving organisms 
was very high during storage lime. At 95°F., over 99 per cent of the 
remaining organisms failed to grow after two weeks’ storage, and a com- 
parable loss of viable org$tnisms occurred at — 20°F^. after 12 weeks’ 
storage (Fig. 1). 
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The results of the fluorescence studies show that the addition of Ps. 
flnorescens caused an increase in salt-soluble fluorescence before storage 
and an increase in lipid fluorescence during storage at 95°F. (Table 1). 
The difference in the initial salt-soluble fluorescence values of the inocu- 
lated and uninoculated powders was maintained during storage (Fig. 2) 
and indicated that the cell bodies contributed to the salt-soluble fluores- 
cence. The apparent increase in salt-soluble fluorescence in the inoculated 
powder at eight weeks may fall within the limits of experimental error. 
The incorporation of Ps. fluoresce ns did not increase lipid fluorescence of 
the powders before storage nor did it increase the lipid fluorescence values 
during 12 weeks’ storage at — 20°F. However, the inoculated powders 
stored at 95*^ F. showed an increase in lipid fluorescence above that of the 
uninoculated powders stored under the same conditions (Fig. 3), Thus 
the lipid fluorescence indicates changes during storage attributable to the 
bacteria or to their components which remained chemi(*ally active after 
deatli of the organisms. 

Effect of Ps. fluorcscens on Stored Lyophilized Efjfjs as Determined hy 
Vsinfj Eesaznrin Dye J7icorporated in the Powder: The results obtained 
by a])plying tlie resazurin ‘‘reductase” test to 1 :10 dilutions of ])owders 
pre])a?*ed from inoculated and uninoculated egg liquids an* n*poi’ted in a 
(‘ompanion communi(*ation. It w*as found that (1) emulsions prepared from 
unino(ndated egg powd(‘i*s reduce the dye relatively slowly (a ni(‘asureahle 
change in the blue-violet range occurred in 24 hours) ; (2) storage of the 
nninoeulated powders slightly increased dye reduction rate by the emul- 
sions pre})ared from smdi powders; and (3) (*mulsions of imx'ulated egg 
powders, tested before or during storage, iT*duc('d resazurin to pink at a 
rate which bore a general relationship to the original number of Ps. fln- 
orescens cells in the liquid before lyojdiilization. This latter finding showed 
that the dye-reducing factor (or factors) of bacterial origin was ])resent 
in stored powders, but it did not prove that the factor (or factors) con- 
tributed to quality changes in the powders during storage. 

In the ])resent study uninoculated liquid eggs and liquid eggs inocu- 
lated with Ps. fluoirscens were prepared as described by llirschmann and 
Liglitbody (1947), and sterile resazurin solution was added. The liquids, 
with added dye, w^ere dried by lyophilization to colored powders containing 
1.9 and 2.2 per cent moisture, respectively.^ 

A portion of each powder was equilibrated to contain 7.2 per cent 
moisture. The powders were then stored at 4.4, 25, 30, and 35® (‘.(40, 77, 86, 
and 95° F.) in the dark for four w^eeks, and changes in their colors were 
observed. The results arc given (F'ig. 4). 

Because of color changes that took place in the inoculated li(piid eggs 
during mixing preparatory to freezing for drying, the initial colors of the 
inoculated powders were blue-gray and of the uninoculated powders, green- 
gray. In those preparations stored at temperatures sufYiciently low that 
subsequent changes took place slowdy, the rates of color changes were com- 
parable. It was therefore assumed that damages before drying did not 

* Some moisture was absorbed during distribution, sampling, and storage of the 
powders. 



LOG. OF VIABLE BACTERIA /GM. POWDER 


384 


DORIS J. IIIRSCHMANN AND HOWARD D. LIGIITHODY 



Fig. 1. Death rates of Pseudomonas fluorescens in stored ly()])hilizecl egjjs. 



Fig. 2. Effect of Pseudomonas fluorescens on salt soluble lluoresccnce of 
lyophilized eggs. 





TABLE 1 

Ejftcf of Psemlorntnias flKnrtsctns IncorporaltiJ ui Lyophih::ed Egg Powder on Salt and 
Lipid Fliinn M‘tnce lJuring Storage at — ^0 and ‘J5°F. 
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influence the rate of color change during storage. It was found that both 
inoculated and uninoculated dried eggs stored at each of the two moisture 
levels at 95°F. showed marked reducing properties as measured by resa- 
zurin color changes. It is also evident that rates of reduction at 95, 86, and 
77® F. were greater in the powders of higher moisture content. It was also 
found that inoculated powders increased the rate of color change above 
that shown by uninoculated powders. 



Fig. 3, Effect of Pseiidomonaa flvorescens on li])id fluorescence of lyophilized eggs. 

Effect of Fs. fluorescens on Lyophilized Egg Powders Stored 12 Weeks 
as Determined hy Various Quality Tests: Other lots of uninoculated and 
Ps, fluorescens-moQwlsited egg liquids were prejiared; resazurin dye solution 
was added; and the liquids were immediately and rapidly frozen.* In this 

* In order to reduce the initial color changes to a minimum, the time elapsing between 
addition of dye to egg liquid and placement in the freezing mixture was shortened to less 
than flve seconds. 
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case the lyophilized powders contained 1.9 and 1.8 per cent moisture, 
respectively. Moisture determinations, plate counts, and salt-soluble and 
lipid-fluorescence tests were made on the powders before storage. The 
powders were stored at — 20 and 95 °F. in the dark for 12 weeks. Dye-color 
changes were observed during storage, and the following tests w^ere made 
at the end of the storage period : moisture content, plate count, salt-soluble 
and lipid fluorescence, pH, free fatty acid content, and palatability. The 
results are summarized (Table 2). 



STORAGE TIME (WEEKS) 


INOCULATED POWDER 
A STORED AT 95* F 
” 06« F 

A •' ” 77* F 

▲ " " 40* F 


UNINOCULATED POWDER 
O STORED AT 95*F 

e " •' 86* F 

d '■ 77*F 

# « ” 40-F 


Fig. 4. Efft'Ct of Pscudonunias flitorcKcrns on roHazuriu re<lu('tioii ^ by lyophilized eggs. 


* The* (lye was added t(j lh« Wfore Ijopliilizatiou, and rolor rhanstvs oociirn'd after 

drying and equilibration. 

* The powders containing 7.2 per cent moisture were obtained by allowing the freshly lyophilized 
powders to attain oquilihriiim in air-free desieeafors eontaining sulidiuric acid solution according 
to the method used by Mnkower (l‘J45) fur dehydrated eggs. 

® The powders containing tw'o per eent moisture adsorbed moisture during distribution and 
storage. After six and one-half monthB* storage, the ponders averaged 5.7 )ter cent moisture. 


It was found that Ps. fluoresceiis (or components remaining active 
following the death of the organisms) contributed to undesirable changes 
in egg pow^ders stored at 9r)°F. for 12 weeks, as estimated by increases in 
free fatty acid content, lipid fluorescence, and rate of dye-eolor change. 
It w^as also found that the stored inoculated powders had lower pH values 
and palatability scores than the eorre.sponding uninoeiilated pow'ders. 

® Numerous palatability tests made in this laboratory have failed to detect changes 
of palatability of samples stored at — 20°F. for many months. 




TABLE 2 

Effect of Pseudomonas ffuonscens on Quality of Lyophilhed Egg Powder Stored 



^Miss Bo^^s’ method of scoring will be described elsewhere. In order to understand the data in this table, it should be stated that a score of 10 represents 
taste of good-quality fresh egg, and that numbers less than 10 represent tastes of decreasing desirability, 

scores reported here are not comparable with previous reports from this laboratory for the following reasons: (1) All samples were diluted with 50 per 
cent fresh egg before tasting; (2) all powders contained resazurin dye, the color of which may have had a psychological effect on the tasters; and (3) the uninocu- 
lated powders were prepared from aseptically collected egg liquid. 
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The plate counts of all of the inoculated powders were low or nes:ligible 
at the end of the storage period. The free fatty acid content of the inocu- 
lated powders stored at 9r)®F. was increased 1,900 jier (jent over that of 
the corresponding uninoculated T)owders.“ Since the values of the inocu- 
lated powdi^rs stored at — 20° P. were approximately twice that of the 
uninoculated stored pow^der, some increase in free fatty acid content in 
the inoculated eggs before lyophilization may be indicated. 

The colors of both inoculated and un inoculated powders (resulting 
from added dye) were green-gray before storage and therefore quite 
comparable. The color changes which occurred during storage confirm 
the findings of the previous exy)eriment and are illustrated (Pig. o). The 
inoculat(‘d powders increased the rate of dye-color change during storage 
above tliat shown by the uninoculated powders. The color clianges noted 
in the stored uninoculated powders indicated the formation of dye-reducing 
substances by the egg com])oiu‘nts " during storage, and confirmed the find- 
ings reported in the companion communication that storage at 95°P. 
increased the rate of resazurin r(‘duction by emulsions prepared from 
uninoculated powders. 

The results of the j)revious experiment are also confirmed in relation 
to changes in salt-soluble and lifiid fluorescence. Tlie findings showed that 
the inoculated powders gave a higher salt-soluble fluorescence value before 
storage than the (Hirr(‘S])onding uninoculated powders, but did not give a 
liigher lipid fluorescing value than the uninoculated powders either before 
storage or after 12 weeks’ storage at — 20°P. However, the lipid fluores- 
cence value of the inoculated powder stored at 95°P. was greater than that 
of the uninoculated ])owder stored at the same temperature. The data lend 
support to evidence ])reviously submitted from this laboratory indicating 
change's in the lipids to be factors in quality deterioration as shown by 
palatability scoring, Dutton and Edwards (1946) and Pevold, Edw^ards, 
Dimick, and Hoggs (1946). 

DISCUSSION 

Throughout this study effort was made to keep growth of Ps. fliioresceyu^ 
in egg liepiid at a minimum before lyophilization, so that the effects of 
growth products would not be confused with those formed subsequent to 
drying and during storage. No measurable growth (reproduction of bac- 
teria) took place in the powders during storage — in fact, the viable counts 


®Tt spcms desirable to point out that the Kline and Johnson (1946) method for 
estimating free fatty jieid content excludes lactic acid as a factor in acidity. 

^ Olcott and Dutton (]94o), Edwards and Dutton (1945), and Dutton and Edwards 
(1945) liave shown that both salt soluble and lipid fluorescence appear to be due to 
the presence of products resulting from Maillard reactions. Some of the products of this 
type of reaction have been demonstrated by Kline (1945) to possess strong reducing 
power. Model experiments with mixtures containing aldehydes (glucose and acetalde- 
hyde) and amines (glycine and cephalin) were found to reduce resazurin Avhen warmed. 
It is therefore possible that the reaction products of the egg powder components which 
appear to be responsible for fluorescence are also responsible for resazurin reduction, 
and the observed increases in fluorescence and dye reducing values of uninoculated 
powders during storage may be attributed to reactions between products which are 
present initially or formed during storage. Such products might be formed by enzymes, 
which are natural constituents of eggs or by nonenzymic reactions. 
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of the inoculated powders decreased so rapidly that the numbers of living 
bacteria were negligible at the end of 12 weeks’ storage. Any products 
formed, therefore, in the inoculated powders during storage were due to 
the activity of nonreproducing cells, or to cell components (presumably 
enzymes) that remained active after the death of the organisms. 



Fl(j. .1. Kfft'ct (»f Pttvtith/mona^t Jiiwraacfinn on resazuriii reduction * try lyophiiizcd eggs. 

’The dye was atlded to the eniulNiou before lyoi>hilization ; the color changes occurred in the 
“dry*' i»owder. 

As ])rcviously j)ointed out, the woi-k re])<>rted here was limited to pow- 
ders |)rei)ared by lyoi)hilization. Although it cannot be argued that all 
mi(;roorgaiii.sms that might occur in egg liquids or commercial jiowders 
would ju'oduce similar changes, the results confirm the work of Stuart, 
(loresline. Smart, and Dawson (DMf)) on spray-dried powders collected 
from numerous drying ])lants and extend the findings by the use of quality 
tests other than solubility. 

The etfect of Ps. fluorcsccns on the values of the salt-soluble and lipid 
fluorescence tests .seem noteworthy, since so far as is known, no previous 
report has been made on this subject despite the fact that salt-soluble 
fluorescence is Avidely used as a means of determining egg quality. Lipid 
fluorescence has been recently suggested for a similar purpose, Dutton 
and Edward.s (1946). 

These results show that undesirable changes attributable to bacterial 
activity may occur, even thoHgh the number of viable organisms as deter- 
mined by plate count is negligible, and indicate a relationship between 
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microbiological history and storage life of the dried products. The studies 
emphasize, therefore, the importance of plant sanitation and, particularly, 
the necessity of using egg liquids of high sanitary quality. 

' SUMMARY AND CONCLUSIONS 

Whole-egg liquids, uninoculated and inoculated with Pseudomonas fluo- 
rescens, were vacuum-dried from the frozen state. The resulting ‘‘low’^ 
moisture powders were stored for 12 weeks at 95 and — 20®P. Salt-soluble 
and lipid fluorescence and number of viable bacteria were determined 
before and during storage. Similar egg powders to which resazurin dye 
solution was added before lyophilization were observed for dye -color 
changes during storage. After storage the powders were examined for 
free fatty acid content, palatability, pH. number of viable bacteria, and 
salt-soluble and lipid fluorescenct*. The findings were as follows: 

(1) The additions of Ps. fluorescens caused increase in salt-soluble 
fluorescence before storage, the differences between initial values of the 
inoculated and the un inoculated powders being maintained during storage. 
(2) Incorporation of Ps. iluoresccns did not increase lipid fluorescence 
valiU'S of the ])owders b(*fore storage or during storage at — 20°P., but 
increased lijiid fluorescence during storage at 95"^ P. over that of the corre- 
sponding unino(uilat(‘d powders. (3) Inoculated powders, to w’hich resa- 
zurin was added before lyophilization, increased the rate of dye-color 
change during storage above that shown by uninoculated powders; in 
general, the rate of resazurin reduction by inoculated and uninoculated 
j)owders increased wilh increasing temperatures. (4) Inoculated powders 
stored for 12 W(‘eks at sliowed marked increases in free fatty acid 

(‘oiitent, higher lipid fluorescence values, and increased resazurin color 
changes; inoculated powders stored at 95 and — 20°P. showed lower pll 
and jialatability values than eorresjionding un inoculated powders. (5 ) Over 
99.9 ])(»r cent of the inoculated organisms failed to grow after drying, and 
the death rate of the surviving organims was very high during storage; 
the j)late counts of all inoculated powders were negligible (<500 ])er gram) 
at the end of 12 weeks’ storage. 

It a])pears that deteriorative changes in inoculated stored egg powders, 
estimated by lipid fluorescence, free fatty acid content, pll, palatability, 
and resazurin color, are related to the aidivity of nonreproducing bacteria, 
or to cell components (presumably enzymes) that remain active after the 
death of the organisms. 
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The color of blood and muscle tissue is due to the presence of heme 
pigments. Hemoglobin gives blood its red color, \vhereas the red color 
of fresh uncooked muscle is dependent on the presence of myoglobin. 
Hemoglobin is a conjugated protein made uj) of an iron-containing portion, 
heme, and a protein-containing portion, globin. The myoglobin of the mus- 
cle is closely related to hemoglobin, although differences may be observed 
by means of the precipitin reaction according to Hektoen, Robseheit-Rob- 
bins, and Wliipple (lf)28). Hemoglobin is contained within the red blood 
eor})uscles or erythrocytes, which circulate in the blood and which origi- 
nate princi])ally in the red marrow of bones. 

The blood and muscle pigments are not stable, but rather readily 
undergo reversible and irreversible changes. As might be expected, they 
are very susceptible to chemical reaction with oxygen, because their 
function is to supply oxygen to living tissues. TJius, arterial blood is 
relatively bright red owing to the combination of hemoglobin with oxygen 
(oxylunnoglobin), whereas venous blood is puriffe because of the presence 
of redu(?e(l hemoglobin. 

Hemoglobin and myoglobin M’ill oxidize in the presence of oxygen to 
form methemoglobin and metmyoglobin, respectively. Brooks (1929) ob- 
served in meat that metmyoglobin was formed most rai)idly at some 
distance from the tissue-air interface. Ramsbottom and Koonz (1941) 
re})orted that the surface color of beef at the end of one year’s storage 
was greatly influenced by the amount of metmyoglobin pi*esent in super- 
ficial lean tissue. More oxidation and darker beef occurred at — 12,2°C. 
(1()“F.) than occurred at — ‘U.4®C.( — :10°F.). 

In unfrozen or frozen muscle metmyoglobin is formed very slowly. 
However, when frozen bones containing hemoglobin are defrosted they 
become dark in color very rapidly because of the accelerated development 
of methemoglobin. Immediately on defrosting, the bones may or may not 
be darker than they were in the frozen state. However, darkening proceeds 
rapidly in a defrosted bone, with maximum darkness being obtained be- 
tween zero and five days after defrosting. Methemoglobin is formed in 
bones containing red marrow since this is a hemopoietic tissue and contains 
hemoglobin. Red marrow is found extensively in bones of younger animals 
and consequently more darkening will occur in the immature bones. In 
mature animals much of the red marrow is replaced by yellow marrow, 
which is not concerned with hemopoiesis and does not contain hemoglobin. 

Hemoglobin and myoglobin are proteins capable of coagulation and 
denaturation by heat. Consequently, on cooking, the red color of fresh 
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meat changes readily to various shades of brown and grey because of the 
formation of hemochromogen and other breakdown products of myoglobin 
and hemoglobin. The bones from younger animals, such as broilers, are 
not completely calcified. The epiphyses of such bones characteristically 
have spongy walls and during freezing and defrosting some of the marrow 
fluid containing hemoglobin escapes through the porous walls of the bones. 
When such bones are cooked, their surfaces and even adjoining tissues 
may appear abnormally dark. 

The purpose of the present study was to determine the extent of discol- 
oration for defrosted bones, how it might be prevented, and whether dark- 
ening of tissues adjacent to bones in cooked poultry could be minimized. 

EXPERIMENTS WITH BEEF, EAMB, AND VEAL BONES 

An experiment was made to determine whether beef bones which were 
not cut before freezing would turn as dark as those cut prior to freezing. 
The 13th rib was used for this purpose. Rib bones were obtained from 
carcasses of both young and mature cattle. Home of the bones were split 
on a band saw before freezing at — 34.4° others were split after defrost- 
ing. Some bones were held at 2.2°C.(36°F.) as controls, others were frozen 
once, and still others were frozen twice. It was found that the cut surface 
of the twice frozen and defrosted bones was darkei* than the cut surface 
of the bones frozen and d<d*rosted only once. Bones which were frozen 
while intact were not as dark as those which were split before freezing. 
The cut surfaces of defrosted bones from young animals were miudi 
darker than those from mature animals. 

The effect of quick-freezing on the color of beef bone was investigated. 
Thin sections of bone, one to five millimeters in thickness, were frozen in 
direct contact with dry ice and also indirectly, using ])liofilm as a wrapper. 
The bones were thawed and held at 2.2°C. until inspected three days later. 
It was found that the frozen bones had darkened in color, whereas the 
unfrozen control samples remained a bright red. 

In another exyieriment beef bones Avere frozen in an atmosphere rela- 
tively free of oxygen to determine 'd such a procedure Avould prevent 
darkening. This was done by replacing the air with nitrogen which had 
been passed over heated metallic copper to remove the small amount of 
oxygen normally present in commercial nitrogen. The results indicated 
that freezing and thawing in a nitrogen atmosphere did not prevent dis- 
coloration; apparently the small amount of oxygen present in the bone 
was sufficient to cause some oxidation. Similar results Avere obtained when 
sections of bone were sealed in ‘ S'acuumized ’ ' packages before freezing 
and thawing. 

Veal and lamb carcasses aattc divided into right and left sides by 
splitting them down the vertebrae. Sections of the ATrtebrae wei*e removed 
and frozen at — 23.3°C.( — ]()°F.), and defrosted at 2.2°(\ Adjoining 
sections were held at a temperature of 2.2° The unfrozen or control 
vertebrae remained bright red (Fig. 1), whereas the defrosted bones 
turned almost black. The photograph does not demonstrate the widespread 
difference in color that actually existed. 
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Other sections of unfrozen and defrosted veal vertebrae were crushed 
and water extracted in order to remove the pigment. The total hemoglobin 
pigment concentration was determined according to the method of Drabkin 
and Austin (1935) employing the data of Jensen and Urbain (1936) for 
oxyhemoglobin and Urbain and Greeiiwood (1940) for methernoglobin. 
Spectrophotometric analysis showed that 23 per cent of the hemoglobin 
present in the unfrozen veal bone was in the form of methernoglobin, 
whereas 62 per cent of the hemoglobin present in the defrosted bone was 
in the form of methernoglobin. 

EXPERIMENTS WITH POULTRY 

Comparisons were made between unfrozen and defrosted fryer -size 
chick(*Ms to determine the time recpiired for bone darkening to take place. 
Immediately ui)on being defrosted, the bones from frozen poultry were 



Fig. 1. Veal vertebrae, lonjritiidiiial sections. 

J..iRht'Colori*d, unfrozen section. 

Dark-colored, defrosted section. 

bright red in color, similar to the unfrozen controls. However, upon stor- 
ing, the defrosted bones became progressively darker, and after a period 
of several days the marrow turned almost black. Freezing apparently 
disturbed the cells containing hemoglobin. On exposure to air metliemo- 
globin was formed at a rapid rate. Similar residts were secured for flesh 
covered and defleshed bones. After the marrow was removed from the 
interior of long bones there was no difference in the appearance of shafts 
of defrosted and unfrozen bones. 

The results of a number of tests designed to determine if changes in 
color of defrosted bones and darkening of tissues adjacent to bones could 
be prevented showed that the length of time that dressed poultry was held 
prior to freezing, the freezing temperature, or the method of dispatching 
had no influence on color (Table 1). The birds were cooked by roasting 
regardless of whether they were broilers, fryers, roasters, or fowl. 

It w^as felt that some observations should be made on poultry of the 
various classes, cooked in the conventional manner for each class. An 
experiment was conducted in which two birds served as unfrozen controls. 
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two were subjected to cooking without first being defrosted, and two were 
defrosted i)rior to cooking. This procedure was followed for the four 
classes. In comparing the cooked birds it was noted that when cooking was 
started without previous defrosting, broilers showed a very minimum of 
darkening of tissues adjacent to the bones. Also, there was much less 
darkening of bones in fowl than in younger broilers and frj^ers. 

Furth(M* studies were made in which poultry was handled in five dif- 
ferent ways as follows : 

1. C'Ontrols — unfrozen; 

2. Cooking started without previous defrosting; 

3. Frozen immediately after being dressed (warm-frozen) ; 

4. Frozen quickly at — 28,9°C.( — 20°F.) i]i wind tunnel; 

5. Frozen slowly at — 9.44°C.(15^F.) in still air. 

Three classes of birds, namely fowl, roasters, and broilers, were used 
in connection with each of the five methods of handling. The broilers were 
11 weeks old and the roasters were 18 weeks old when dressed. The fowl 
were average farm fowl. The i)oultry was cooked by roasting. In the 
cooked birds the color of leg, thigh, and breast bones was recorded. The 
color of tile meat was evaluated in tissues adjacent to the thigh bone and 
the breast bone. Discoloration was evaluat(‘d as 5 none, 4 slight, 3 distinct, 
2 marked, and 1 very marked; the results of this experiment have been 
summarized (Table 2). 

The results revealed that broilers showed darker bones than the roast- 
ers, and the bones of roasters were darker than those of fowl. A similar 
trend was observed for the meat adjacent to the femur. This was to be 
expi'cted since the epiphyses of long bones in the younger birds have a 
tendency to be less thoroughly calcified than in older birds. In well- 
calcified bones any ])igriient that may be contained in the marrow has diffi- 
culty es(*aping through the walls of the bone. Also, it is important to 
re(M)gnize that the long bones, siu'h as the tibiotarsus and femur of mature 
birds, have more yellow marrow than those of younger birds. Yellow 
marrow is not concerned with hemopoiesis and therefore is lacking in red 
pigment. 

The three classes of birds a]q)eared to be somewhat similar with res])ect 
to the amount of discoloration shown in the Avhite meat adjacent to the 
sternum. The sternum contained some pigment both in the young and 
more mature birds. During freezing, defrosting, and cooking the pigment 
may be released to the adjacent w’hite meat which becomes somewdiat dis- 
colored. Since the meat is Avhite, any dislo(*ation of pigment may be readily 
detected. 

The darkening of bones or of tissues adjacent to bones as a result of 
freezing did not in any w^ay affect the organoleptic ])roperties of the prod- 
uct excejit for the effect it may have had on appearance. 

SUMMARY 

A series of experiments was made on the bones of beef, lamb, veal, 
and poultry to determine the color changes owing to freezing and to 
investigate procedures that might reduce or prevent the darkening of 
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* Placed in the oven without previous defrosting, * Placed directly in the freezer without conventional chilling. 
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bones. Also, studies were made to determine if diffusion of pigment 
through the walls of incompletely calcified bones containing red marrow 
could be reduced or prevented. The results are summarized in the follow- 
ing statements: 

1. When bones containing red marrow were frozen and defrosted, the 
hemoglobin was oxidized to methemoglobin and the color of the bones 
changed from red to shades of brown, grey, and black. 

2. Some bones containing hemoglobin were dark as soon as thawed. In 
other bones, a few days were required for darkening to reach a maximum. 

3. Darkening was promoted by splitting the bones before freezing, or 
by freezing the bones twice. 

4. Bones of young animals generally contain more hemoglobin than 
those of more mature animals and consequently, when defrosted, turn 
darker. 

5. In defrosted, immature chickens some of the pigment escaped 
through the porous, spongy, incom[)letely calcified walls of the bom^s and 
accumulated on adjacent tissues, which appeared darker when cooked. 
Pigment displacement from the breast bone to adjacent tissues occurred 
to about the same extent in the young and more mature birds. 

6. Darkening of hemoglobin in beef and veal bones was not prevented 
by (1) fast freezing, even when the ])roduct was frozen in direct contact 
with dry ice at a temperature of — 76.7°C.( — lOG^P.) ; (2) evacuating the 
airto*om the package; (3) replacing the air surrounding the bone with 
nitrogen. 

7. The period of time between slaughter and freezing had no significant 
effect on the color of poultry hones or on the pigment displacement from 
the interior of bones to adjacent tissues. 

8. Cooking minimized the color differences between defrosted and un- 
frozen bones. 

9. The darkening of bones by methemoglobin formation or the dark- 
ening of tissue's adjacent to bones through pigment diffusion does not in 
any way affect the organoleptic properties of the product, except for the 
influence it may have on appearance. 
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Although nut meats in the unbroken shell are considered to be sterile, 
the methods of shelling, handling, and storing and the chemical nature 
of the product lend themselves to gross contamination of the nut meats 
and prolonged survival of contaminants, Tanner (1944) and Wenzel and 
Black (1939). Furthermore, the practice of using nut meats in uncooked 
foods or of adding them to foods that have already been cooked suggests 
the possibility that nut meats may be of public-health significance as the 
source of food-borne pathogens. 

In addition to the common air and soil bacteria that are usualh’ present 
in large numbers on nut meats on the retail market several investigators 
have found coliform organisms, Clark and Booth (1940), Ostrolenk and 
Hunter (1939), Prucha (1936), Smith and Jba (1946), and Weinzirl 
(1929). Clark and Booth (1940) reported the presence of staphylococci 
on 24 per cent of 224 samples of nut meats. Geiger, Crowley, and Gray 
(1935) have isolated and identified Siaphylocoeciis aureus as the cause 
of food poisoning from nut meats in ice cream. Bacteriological studies 
of the incriminated hazel nut, revealed excessively high bacterial counts 
(54 million per gram) of which Staph, aureus was the predominant organ- 
ism (50 per cent). 

In studying the survival of pathogens on nut meats Clark and Booth 
(1940) artificially contaminated meats with Eherthella typhosa, Esche- 
richia coliy and Staphylococcus aureus. At room temperature the entero- 
bacteria disappeared within five weeks, whereas the staphylococci survived 
for 10 weeks. 

Because of their relative stability nut meats are stored at a wide variety 
of temperatures. Therefore, the experiments reported here were devised 
to study the influence of temperature on the survival of a food poisoning 
Staph, aureus, 

EXI^ERIMENTAL PKOOEDURE 

Approximately ]50 grams of small pieces of roasted pistachio nut meats 
were washed by shaking in tap water, followed by several washings in 
distilled water, and finally rinsed several times with sterile distilled water 
in a sterile flask. Aqueous suspension of 48-hour culture of Staphylococcus 
aureus grown on beef extract-peptone agar at 37°C. (98.6°F.) was poured 
into the flask containing the washed nuts and shaken thoroughly for a few 
minutes. The suspension liquid wms poured out and counted by plate 
count. The contaminated nut meats were drained and then dried in a 

^ Now at Utah State Agricultural College. 
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eal(uum chloride desiccator for about two and one-half hours until they 
appeared to be as dry as the original nuts. 

One-gram quantities of the dried nut meats were weighed ‘into sterile 
cotton-plugged tubes. Fifty tubes were stored in the refrigerator [4°C. 
(39.2°F.)], 40 tubes at room temperature [16 to 26°C.(60.8 to 78.8°F.)J, 
and 40 tubes in the 37°C, incubator. 



Tine IN Days 

Thuc* Stoi»^ 

doMOtTIOftS 

Fig. 1. 

One-gram quantities of nuts contaminated and stored in this manner 
were plate-counted immediately and at three-day intervals for 141 days 
or until successive eounts showed no staphylococci. To perform a plate 
count the contents of a tube were shaken vigorously 25 times in a 100-c.c. 
water blank or, when the counts bec'aim' low, in a lO-c.c. water blank. 
Undoubtedly only a portion of the organisms was removed, but this error 
was considered to be constant and was ignored. Appropriate sterile tap- 
w^ater dilutions were plated in beef extract-peptone agar at pll 7.0. After 
48-hour incubation at 37° C. and 24 hours at room temperature to improve 
pigment production ty])ical colonies were counted on plates containing 
from 30 to 300 colonies. 

The bacterial counts were recorded in the table and the shape of the 
survivors^ curves appears on the graph in which the logarithms of the 
surviving bacteria are plotted against time. From these it will be noted 
that at room temperature and at 37°C. there was an initial increase in the 
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TABLE 1 


Number of Viable Staphylococcus aureus Washed From Surface of One Gram of 
Broken Pieces of Pistachio After Various Periods of Storage 


Number of 
days 

! 

Room temp., 

(60.8-78.8°F.) 

37“C. 

(OS.e^F.) 

0 

1,200,000* 

1,200,000* 

1,200,000 

3 

1,200,000 

220,000,000 

55,000,000 

6 

700,000 

570,000,000 

700,000 

9 

1,200,000 

650,000,000 

400,000 

12 




15 

800,000 

470,000,000 

34,000 

18 

550,000 

170,000,000 

1,500 

21 

200,000 

160,000,000 

1,200 

24 

41,000 

85,000,000 

500 

27 

80,000 

80,000,000 

1,600 

30 


90,000,000 

280 

33 

240,000 

210,000,000 

580 

36 

380,000 

80,000,000 

40 

39 

470,000 

170,000,000 

10 

42 

290,000 

70.000,000 

20 

45 

260,000 

95,000,000 

120 

48 

95,000 

37,000,000 

0 

51 

120,000 

6.1,000,000 

20 

54 

80,000 

10,000,000 

10 

57 

70,000 

6,500,000 

0 

60 

50,000 

280,000 

10 

63 

130,000 

400,000 

0 

66 

90,000 

600,000 

0 

69 

220,000 

3,000,000 


72 , 

55,000 

490,000 


75 

140,000 

3,500,000 


78 

100,000 

150,000 


81 

55,000 

210,000 



84 

40,000 

165,000 


87 

41,000 

79,000 


90 

30,000 

22,000 


93 

95,000 

60 


96 

40,000 

10 


99 

50,000 

0 


102 

80,000 



105 

27,000 



108 

22,000 



111 




114 

27,500 



117 

38,000 



120 




123 

9,500 



126 




129 




132 




135 

35,000 



138 




141 

30,000 




*Tht* nuts were inoculated with suspension containing 28,000,000 organisms per cubic centimeter. 
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number of bacteria. This increase was followed by a decrease in viable 
staphylococci, the rate of decrease being related to the temperature of 
storage. 

Viable Staph, aureus were present on refrigerator-stored pistachio nuts 
after 141 days, but after 99 days at room temperature or 63 days at 37® C. 
none could be detected. 

These results were further substantiated by similar experiments with 
Staph, aureus on walnuts and hazel nuts. 

DISCUSSION 

The straight-line curve of death at 4®C. follows the known rules of 
death of microorganisms. The unfavorable factors acted as constants and 
the relative resistance of the individual contaminants presents the only 
variable. The slight increase in resistance after 90 days, if it is real, is 
consistent with the prolongation of survival that is noted in the death 
phase of a bacterial-growth curve. 

Similarly at 37® C. the death curve is readily explained. After an initial 
increase at the favorable temperature the combined antagonistic factors 
of dehydration and the metabolites acted as constants but, as above, the 
last ten thousand stai)hyloco(*ci show’cd a tendency to preserve the species 
and the rate of death was decreased. 

The curve of death at room temperatures, however, is unusual. First 
the initial growth was much higher than the initial growth at 37®C. This 
may be an artifact that would not have appeared had daily counts instead 
of counts every third day been made, i.e., it is possible that at 37® C. a 
much higher count would have b(‘en detected on tin* first and second day 
but that by the third day enougli organisms would have died to give an 
apparent lower maximum ])opulation. 

Between the ninth and 84th day this room t(‘mperature curve reflects 
the death that would occur where constant factors act against a stable 
population of bacteria. At this point, however, instead of leveling off to 
prolong the survival of the culture, the rate of death increases very 
markedly to cause st(*rility after the 96th day. The cause of this increased 
death rate is unknown. It is possible that at that time a change in the 
atmospheric moisture, which would not be reflected in the cultures stored 
in the relatively drier atmos])heres of the incubator and the refrigerator, 
took place and hastened the death of the organisms at room temperature. 
The possibility of metabolites from adaptive enzymes or from slow-growing 
antibiotic organisms should also be considered. 

The individual variation between samples is not considered to be sig- 
nificant. The difficulty of preparing 130 tubes of contaminated nut-meat 
particles each with the same surface area and contamination was not 
resolved in these experiments. 

The relatively rapid destruction of the pathogenic Staph, aureus at 
37® C. has raised the (juestion of the optimum temperature for storage of 
nuts. It is not believed that these data justify any change in storage 
practices. It is possible that if future experimentation showed other patho- 
gens were also destroyed at 37® C. that temporary storage at this tempera- 
ture might become part of a prestorage treatment. These experiments. 
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however, take no cognizance of the activity of spoilage organisms that 
might be more active at 37® C. 

SUMMARY" 

Pistachio nut meats w"ere experimentally contaminated wdth relatively 
large numbers of Staphylococcus aureus taken from agar cultures grown 
for 48 hours at 37® C. The nuts were divided into three lots, one lot being 
stored in a refrigerator (4®C.), one at room temperature (16 to 26®C.), 
and one at 37® C. At three-day intervals counts were made of the organisms 
surviving on one gram of nuts at each temperature. 

Staph, aureus on nut meats at refrigerator temperature slowdy die out 
but survive longer than 141 days. 

At room temperature Staph, aureus increase in number reaching a 
maximum in nine days. The number of viable Staph, aureus then decreases 
until sterility occurs in 99 days. 

At 37 °C. the maximum count is reached within 48 hours after wdiicli 
there is rapid destruction. Viable Staph, aureus w^ere not detected after 
63 days. 
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Green leafy vej^etables are reeojrnized as important foods in the human 
diet. As providers of minerals and vitamins they are amon^ the ‘‘pro- 
tective” foods recommended by nutritionists. Attention has been called 
by Kohman (19119), Sherman (1944), and Wittwer (1945) to important 
nutritional dift‘er<‘nces between certain •greens of the mustard family (kale, 
mustard ^remis, and turnip tops) and those of the goosefoot family (si)in- 
ach, Swiss chard, beet greens, and New Zealand si)inach). The superiority 
of greims of tlie mustard giou]) may be ascribed to their contributions of 
calcium and ascorbic' acid. 

The imiuirtance of soil fertility as a determiner of “nutritive quality” 
in cro])S has been em})hasized in a revi(‘W by Beeson (1941). More recent 
re])orts of Holmes, Growley, and Kuzmeski (1945); Lucas, Scarseth, and 
Sieling (1942); Sheets, MeWhirter, cf aJ, (1942): and Speirs, Anderson. 
(t al. (1!)44) have continii(‘d to focus attention on this subject. 

This re})ort deals with eom])arative ealeium values of some important 
gr(*en leafy vegetables, which wen‘ grown during the wintei* under con- 
trolled ccmditions in the greenhou.sc* and with colloidal clay cultures. 

EX I »EK I M EX T A I ; PRC )( ' KDVK K 

Tlie clay-culture teclinicpie of growing plants, using variable levcds of 
calcium and nitrogen, Avas utilized. For a source of colloidal material the 
clay subsoil of Putnam silt loam Avas selec'ted. This native material, leached 
of its exchangeable nutrients, has an exchange capacity of 2S milliequiva- 
Icmts ]>er 100 grams, 12 of Avhicli an* hydrogen. By replacing tln^ adsorbed 
hydrogen Avitli cationic nutrients and blending the ('lay with pure white, 
quartz sand, a clay-sand mixtui'c results having the semblance of natural 
soil. The details of preparing the clay and adding the nutrients have been 
adequatcdy desci’ibed by Albrcndit and Bchroeder (1929). 

In these studies a series of treatments Avas prepared by supplying 
calcium and nitrogen levels each of 5, 10, 20, and 40 milliequivahmts (m.e. ) 
with all possible (10) combinations of the two nutrients. Other ions were 
held constant for all treatments. The nutrient salt combinations and quan- 
tities of clay used to provide tlie 16 nutrient levels are prescmted (Table 1 ). 
The pll Arabics of the cultures approximated 6.8. 

The vegetables AA^erc* grown in one-gallon glazed crocks Avith 10 repli- 
cates for each treatment. Seedling plants were allowed to develop for a 

^Missouri Collofye of Agriculture Journal Scries No. 1012. 
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period of 60 to 90 days depending on the crop. At the proper stage of 
maturity the tops were harvested and the fresh and dry weights recorded. 
After being shredded in a Wiley mill and finelj" ground in a Merker mill, 
the dried material was suitable for analyses. C/hemical determinations for 
calcium and magnesium were made according to the official A. O.A. C. 
(1940) methods. Oxalate was measured according to Pucher, Wakeman, 
and Vickery (1941). 

TABLE 1 


Amounts of Nutrient Salts and Clay Used in Providing Four Levels 
Faeh of Calcium and Nitrogen 


Trentnient 

No. 

Variables 

(m.e.) 



Salts used n 

iT)d milliequivalenta of ions 


Clay 

per 

plant 

(gm.) 

Ca 

N 

Ca- 

-Ac 

NIL 

-NOs 

KoH- 

-P()4 

K- 

'Ac 

Mr-SO, 

1 

40 

40 

40 

40 

20 

20 

13.3 

20 

6.7 

6.7 

6 

6 ! 

717 

o 

40 

20 

40 

40 

10 

10 

13.3 

20 

6.7 

6.7 

6 

0 

633 

3 

40 

10 

40 

40 

.5 

5 

13.3 

20 

6.7 

0.7 

0 

0 

592 

4 

40 

5 

40 

40 

2.5 

2.5 

13.3 

20 

6.7 

6.7 

6 

6 

571 

5 

20 

40 

20 

20 

20 

20 

13.3 

20 

6.7 

0.7 

0 

6 

550 

e 

20 

20 

20 

20 

10 

10 

13.3 

20 

6.7 

0.7 

6 

6 

407 

7 

20 

10 

20 

20 

5 

5 

13.3 

20 

6.7 

0.7 

0 

0 

425 

8 

20 

5 

20 

20 

2.5 

2.5 

13.3 

20 

6.7 

6.7 

0 

6 

404 

y 

10 

40 

10 

10 

20 

20 

13.3 

20 

6.7 

6.7 

0 

0 

407 

10 

10 

20 

10 

10 

10 

10 

13.3 

20 

6.7 

0.7 

6 

6 

383 

11 

10 

10 

10 

10 

5 

5 

13.3 

20 

6.7 

0.7 

() 

0 

342 

12 

10 

5 

10 

10 

2.5 

2.5 

13.3 

20 

6.7 

0.7 

0 

6 

321 

13 

5 

40 

5 

5 

20 

20 

13.3 

20 

6.7 

0.7 

0 

() 

425 

14 

5 

20 

5 

5 

10 

10 

13.3 

20 

6.7 

0.7 

<> 

() 

342 

15 

5 

10 

5 

5 

5 


13.3 

20 

0.7 

0.7 

0 

0 

300 

16 

5 

5 

5 

5 

2.5 

2.5 i 

i 13.3 

20 

6.7 

0.7 

6 

0 

279 


RESULTS AND DISCTTSSION 

The fr(*sh weights of all the cro])s as influenced by the variable cal- 
cium and nitrogen are presented (Table 2). For all these vegetables the 
response to nitrogen was more marked than that for calcium. With New 
Zealand spinach and kale the calcium level in the cultures had practically 
jio influence on the production of vegetation; whereas with spinach, chard, 
and mustard greens a pronounced interaction of calcium wdth nitrogen 
was noted. The amount of total vegetation produced varied with the crop 
and not with the botanical family to wfliicli it belonged. Yields of fresh 
material in spinach and beet greens were about half those for chard, 
turnip greens, New Zealand spinach, and kale. This would indicate that 
the latter collection of crops from the two families is not as exacting in 
the recpiirements for a high nutrient level in the soil as are spinach and 
beets, both of the goosefoot family. The yields, therefore, did not differ- 
entiate the two families. 

The calcium contents of the crops, expressed in percentage composi- 
tions of dry weights, are assembled (Table 8) and portrayed graphically, 
as influenced by the calcium supplied in the clay cultures (Fig. 1). Marked 
ditferences in calcium values between greens of the mustard and goosefoot 
families are evident. In no case, regardless of the supply of exchangeable 
calcium in the soil, does the highest figure for the goosefoot greens (spinach 




TABLE 2 

Yields of Green Leafy Vegviahles Grouni at Variable Levels of Calcium and Nitrogen 
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in this case) equal the lowest graphical value for any of the mustard 
group. Thus the amounts of dietary calcium supplied by the greens of 
the two families are widely different. 



CALCIUM - M.E. APPLIED 

Fj(j. 1. C’oniiJarative calcium contents of j^reen leafy vegetables. 

As a result of increasing the calcium supply in the soil there were cor- 
responding improvements in concentrations of calcium in the plant tissue. 
However, the increase in nutritional value in this respect was more pro- 
nounced in tlie mustard family. Of significance in this group was the 
betterment of (luality, as concentrations of calcium in these vegetables, 
that was possible by additions of this nutrient element to the soil without 
any obvious external change in tlie apixearaiice of the crop. Kale was one 
of the most responsive plants to an increased calcium supply, in so far as 
this altered its chemical composition, yet was influenced the least in its 
vegetative growth by the same nutrient. The calcium content was almost 
doubled without any apparent change in vegetative growth or appearance 
(Fig. 2). 

These differences in calcium concentrations of the green leafy vegetables 
are greatly magnified w^hen one considers differences in their nutritional 
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availability. According to Fairbanks and Mitchell (1938), Fincke and 
Sherman (1935), Kohman (1939), Speirs (1939), and Tisdall and Drake 
(1938) the calcium of spinach, Swiss chard, beet greens, and New Zealand 
spinach cannot be utilized in the diet because of the large amounts of 
oxalic acid present which combine with the plants^ calcium and also with 
their magnesium to form insoluble and indigestible oxalates. In sharp 



NITROGEN-M.E. 


Fig. 2. Kale plants and their calcium contents when grown at variable levels of 
nitrogen and calcium. (Small numbers beneath each plant indicate the i)ercentage in the 
crop on a dry-weight basis.) 

contrast, according to the same investigators, the calcium of mustard 
greens, turnip tops, and kale is almost completely utilizable since these 
plants are practically free of oxalates. 

With reference to spina(‘h, Schroeder and Albrecht (1942) compared 
its nutritive quality when grown at variable levels of calcium in an acid 
soil (pH 5.2) and in another approaching neutrality (pH 6.8). The out- 
standing features of their experiments were the higher concentrations of 


TOTAL OXALATE - MILUEauiVALCNTS PER K) CRAMS ORT TISSUE 
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oxalate, calcium, and magnesium shown to be in the plants grown on the 
soil at a pH of 5.2. For this acid soil at all calcium levels the two bases, 
added together, were present in the crop in more than sufficient quantities 
to neutralize all the oxalic acid. The plants grown in near neutral soils 
(pll 6.8), however, failed to absorb sufficient calcium and magnesium for 
complete neutralization of their oxalate contents. Under the neutral 
conditions, increased calcium applications to the soil also failed to alter 
appreciably the concentration of calcium in the plant. In the experiments 
reported herein the clay cultures were prepared with pll values comparable 
to those approaching neutrality as used by Schroeder and Albrecht (1942). 
Therefore, high oxalate concentrations in relation to those of calcium and 
magnesium in the crops were anticipated. 



KLZ.SPINACH SWISS CHAAD BEET GREENS SPINACH 


Fig. 3. Probable disposition of oxalate in New Zealand spinach, Swiss chard, beet 
greens, and spinach when grown at variable levels of calcium. 


The total oxalates produced, including those portions neutralizable by 
the plants’ calcium and magnesium as well as those iji excess, are portrayed 
(Fig. 3) for the four crops of the goosefoot family. Expressed as milli- 
equivalents per 10 grams of dry plant tissue, stoichiometrically the oxalate 
exceeded by several times the calcium at all fertility levels. Under the 
conditions of these experiments not one of the four crops contained sufficient 
calcium, or even enough calcium and magnesium combined, to neutralize 
all its oxalic acid. The condition of complete neutralization was most nearly 
approached in beet greens and spinach. According to the chart New Zea- 
land spinach, Swiss chard, beet greens, and spinach could contribute no 
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dietary calcium. In addition, some excess oxalate was always present 
beyond the quantities possible of neutralization by the plants' bases. If 
one were to neutralize completely the oxalate of New Zealand spinach by 
calcium it would require from four to six times as much as the plant itself 
contains. 

The elfect on oxalate production of increasing the soil's calcium supply 
was not appreciable. It has been shown by Wittwer, Albrecht, and Golf 
(1946) that altering the level of soil nitrogen does, however, influence 
oxalate synthesis. It is of interest that the undesirable effects of excess, 
soluble oxalates in the goosefoot family were not overcome by the mere 
addition of more calcium to the clay media, and that in no case could all 
the oxalate be neutralized even when both the plants’ magnesium and 
calcium were considered for that end. 

CONCLUSIONS 

The comparative calcium contents * of spinach, Swiss chard, beet greens. 
New Zealand spinach, mustard greens, turnip tops, and kale were ascer- 
tained by analyzing the crops, each grown under controlled greenhouse 
conditions in colloidal clay cultures. 

Increasing the calcium supply in the substrate enhanced, in general, 
the calcium concentrations in the crops. 

The members of the mustard family (turnip greens, kale, mustard 
greens) had a much higher percentage of calcium than those of the goose- 
foot family (spinach, Swiss chard, beet greens, and New Zealand spinach). 
The differences in calcium contributions to the human diet by the two 
plant families were magnified by the high oxalate content in the goosefoot 
greens. When this oxalate was expressed on a (diemically equivalent basis, 
it was present in sufficient quantities to neutralize and thereby make insolu- 
ble and indigestible all the calcium and magnesium in these greens and to 
leave excess oxalate for dietary removal of calcium derived from other 
foods consumed with them. 
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Several chemical methods have been published for the determination of 
nicotinic acid. Most all of these methods involve the reaction of nicotinic 
acid with cyanogen bromide and an amine. Teeri and Shiiner (1944) have 
pointed out the difficulties frequently met with in these different methods 
and have proposed the use of m-phenylenediamine dihydrochloride with the 
addition of hydrochloric acid to stabilize the color. 

In their method, distilled water is used for setting the instrument at 0 
or 100 depending on the type of instrument used. The measurement of the 
reagent blank and the sample blank is required, and the sum of these two 
blanks is subtracted from the true nicotinic acid determination. The rea- 
gent blank is often greater than the sample blank, owing to the color in the 
amine reagent. This color increases when the amine reagent is allowed to 
stand in the laboratory. 

Clarification of the amine reagent with charcoal and the use of com- 
mercially prepared cyanogen bromide for the preparation of the four-per 
cent cyanogen bromide solution gives practically a colorless reagent blank. 
The removal of color from the amine reagent with charcoal permits the 
addition of larger amounts of amine to be added to the tissue extract, which 
in turn has increased the sensitivity of the method ap])roximately twofold. 
Increased sensitivity permits higher dilution of the extract and reduces ^e 
sample blank. 

Since hydrochloric acid is used for stabilization of the developed color, 
it was found that by the addition of hydrochloric acid to the sample before 
the addition of cyanogen bromide and the amine no color was developed 
from the nicotinic acid present. It was, therefore, possible to combine the 
reagent blank and the sample blank into one solution and use this solution 
for setting the galvanometer. This procedure eliminates the readings of 
the sample blank and the reagent blank. It was felt that these improve- 
ments were worth publishing at this time, because they avoid certain 
difficulties met with in the determination of nicotinic acid by chemical 
methods. The chemical method described is less time-consuming than the 
microbiological method. 

These results were obtained from an Agricultural Experiment Station 
Project designed for studying the influence of ration and storage in freezer 
lockers on the nicotinic acid potency of pork and they are presented here 

^ Published with permission of the director of the North Dakota Agricultural Experi- 
ment Station. 
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to show that a close agreement can be obtained between the microbiological 
methods and the proposed chemical method on pork products. 

REAGENTS USED 

Acid- Alcohol-Char coal: Dilute 95 per cent alcohol to 80 per cent with 
6 N hydrochloric acid. Add 10 mg. of charcoal per milliliter (Darco Vege- 
table Charcoal obtained from the Coleman & Bell ('ompany, Norwood, 
Ohio) of acid alcohol. Shake or stir vigorously. 

Cyanogen Bromide: Prepare a four-per cent solution by dissolving 
commercially prepared cyanogen bromide Eastman No. 919 in distilled 
water. 

Amine Reagent: Dissolve 50 grams of m-phenylenediamine dihydro- 
chloride Eastman No. 200 in 500 ml. of distilled water in a glass-stoppered 
bottle. Add 10 to 12 grams of Darco animal charcoal and stir for one hour 
with a mechanical stirrer. Allow charcoal to settle and filter the amount 
needed. Unused excess filtrate is returned to the original bottle. Very 
little or no color develops over a period of time in the presence of charcoal. 
If a slight amount of color develops, add 1 to 2 grams more of charcoal to 
the amine reagent. 

Buffer Solution: Add to 1,850 ml. of water, 10 ml. of 85 per cent phos- 
])horic a<‘id, 50 ml. of 15 per cent sodium hydroxide, and 250 ml. of 95 
I)er cent alcohol. Adjust to pll G.O. 

EXPERIM KNTAL PROCEDURE 

Hydrolysis of Sample and Preparation of Extract: Transfer five grams 
of animal tissue to a large test tube that has been previously calibrated to 
make up to a volume of 50 ml. Add 30 ml. of 6 N hydrochloric acid and 
hydrolyze for one hour wnth occasional stirring in a boiling-water bath. 
Bemove tubes from water bath, cool, and make up to volume of 50 ml. 
with Avater. Mix contents Avell in the tube and filter through Whatman 
No. 31 filter paper. Transfer 15 ml. of the filtrate to an Erlenineyer flask 
containing 15 ml. of the freshly prepared acid-alcohol-charcoal. JStopper 
the flask and shake for 30 seconds; then filter through a Whatman No. 2 
filter paper, pouring back into the funnel the first 10 ml. of the filtrate. 
Transfer 20 ml. of the filtrate to a 50-ml. volumetric flask. Add 5 N 
sodium hydroxide until alkaline to phenolphthalein, add distilled water 
to make approximatel.y 40 ml., and then make neutral to litmus with 20 
per cent phosphoric acid. Dilute contents to 50-ml. volume with distilled 
water. 

Determination of Nicotinic Acid: Transfer five ml. of the above tissue 
extract to each of two 50-ml. Erlenmeyer flasks. To one flask add three 
ml. of 3 N hydrochloric acid. To each flask, add five ml. of buffer reagent 
and five ml. of four per cent cyanogen bromide. Allows solutions to set 
for 20 minutes. To the flask containing the three ml. of 3 N hydrochloric 
acid, add two ml. of tJie amine reagent from a two-ml. pipette. Mix well 
and transfer to a colorimetric tube from an Evelyn photoelectric colorim- 
eter. Place tube in the colorimeter and set galvanometer to read 100, 
using a 420-millimicron filter. 
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To the other flask add two ml. of the amine reagent with a pipette. Mix 
thoroughly and allow 30 to 40 seconds for maximum color development 
and then add immediately three ml. of 3 N hydrochloric acid from a burette 
with constant shaking of the flask. Transfer this solution to a colorimetric 
tube and read galvanometer within five minutes from the time of addition 
of the amine. 

The addition of hydrochloric acid after addition of the amine at the 
proper time is one of the critical steps in the procedure. Allowing approxi- 
mately five seconds for the delivery of the amine from the pipette, 30 to 
40 seconds should elapse after the addition of the amine before the addition 
of hydrochloric acid. Consistent results were obtained by this procedure. 

Calibration of the Photoelectric Colorimeter : Five ml. each of solutions 
containing 0.5 to 5.0 micrograms of nicotinic acid per milliliter were used 

for calibration of the constant for the instrument. = — = .0216 ±: 

.004. C is the number of micrograms of nicotinic acid present, and L is the 
log value of the galvanometer reading taken from the log tables supplied 
with the Evelyn photoelectric colorimeter. Values of K w^ere found to be 
constant over the working range of the galvanometer. It is recommended, 
however, that a constant be determined for each series of determinations 
especially when new reagents are prepared. The values given for K above 
are values obtained in this laboratory under the conditions described and 
are given here only for comparison of sensitivity with other methods. 

When a five-gram sample is used and the same dilutions are made as 
described in procedure, the equation for calculation of results is milligrams 

of nicotinic acid per 100 grams — K 2 L w'here == -p“. 

RESULTS AND DISCITSSION 

The procedure described for obtaining the tissue extract for the de- 
termination of nicotinic acid is essentially that of Melniek and Field 
(1940a, b). Larger samples were taken for hydrolysis insuring a more 
representative sampling, and instead of weighing the charcoal for each 
sample the charcoal is added to the acid alcohol and an aliquot of this 
mixture is used for clarification of the extract. 

To determine the percentage of recovery, nicotinic acid w^as added to 
the extracts; the percentage recovery is shown (Table 1). Duplicate 
analyses of liver tissue made chemically and microbiologically are shown 
in the last two columns of the same table. These results show' that a good 
recovery is obtained by the chemical method, and the variation between 
duplicate samples and the microbiological and chemical method is small. 

Typical results for meats obtained by microbiological method of Krehl, 
Strong, and Elvehjem (1943) and the proposed chemical method are shown 
(Table 2). These different cuts and samples of meats were taken from 
pigs on rations with different nicotinic acid content, wdiich accounts for 
the difference in nicotinic acid content of the different samples, ("hemical 
analyses show slightly higher results than the microbiological assay. In 
spite of this difference, a good agreement was obtained for the tw^o methods. 
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TABLE 1 


Percentage Recovery of Nicotinic Acid and Comparative Values Between Chemical and 
Microhiological Methods of Liver Extracts 


Sample 

No. 

Nicotinic 
acid in 
extract 

Nicotinic 

acid 

added 

Total 
nicotinic 
acid found 

Recovery 

Nicotinic acid 
content 

Chemical 

Microbio- 

logical 



/Iff. 


pet. 

mg./ 

100 gm. 

mg./ 

100 gm. 

1 

10.4 

5 

15.6 

104 

16.6 

17.5 


10.6 

5 

15.8 

104 

17.0 

16.5 

2 

11.4 

5 

16.5 

102 

18.2 

17.5 


11.2 

5 

16.0 

96 

17.9 

17.5 

3 

8.67 

5 

13.8 

102 

13.9 

13.0 


9.12 

5 

14.2 

100 

14.6 

13.5 

4 

13.3 

5 

18.4 

102 

21.3 

21.5 


13.3 

! 

18.2 

98 

21.3 

21.5 

i 

T) 

11.3 


16.2 

98 

18.1 

18.2 


n.3 

5 

16.1 

96 

18.1 

18.2 


The variation in nicotinic acid content of the different samples of meat is 
indicated by both methods. 

The addition of hydrochloric acid decreases the sensitivity of the 
method; this factor is negligible in comparison with advantages gained 
from its addition. Hydrochloric acid not only stabilizes the color after 
it has been developed for a period of time, but its use in the blank 
eliminates the reading of the reagent blank and sample blank. Also, the 
solution used for the reference reading has the same density as the sample 
used for the determination of nicotinic acid. In the presence of hydro- 
chloric acid no color is developed when 500 micrograius of nicotinic acid 
are added, which is approximately 100 times the amount needed for a 
nicotinic acid determination. 


TABLE 2 

Typical Results of Chemical and Microbiological Methods in Determination of 
Nicotinic Acid in Pori' Meats 


Description 

Number 
of samples 
analyzed 

1 Loins ' ] 

Hams * 

Livers ' 

Chera. 

Micro. 

Chem. 

Micro. 

Chcm. 

Micro. 

Lot 1 -44 

10 

2.76 

2.71 

3.21 

2.99 



Lot 1-45 

10 

7.95 

7.65 

8.41 

7.99 

18.02 

18.20 

Lot 2-45 

10 

9.54 

9.15 

9.15 1 

<8.97 

18.80 1 

18.20 

Lot 3-45 

10 

9.13 

8.66 

8.78 

8.28 

17.78 

17.29 

Lot 4-45 

10 

9.99 

9.33 

9.02 

8.42 

15.64 

14.65 

Lot r)-45 

10 

9.21 

9.60 

9.49 

9.16 

17.97 

18.45 

Total av 


8.10 

7.85 

8.01 

7.64 

1 

17.64 

17.36 

Per cent differences* 

1 

+3.18 


+4.62 


+ 1.61 



^Millifframs of nicotinic acid per 100 grama of meat. * Microbiological method used as the 
basis of 100. 
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Preliminary work in this laboratory has shown that an increase in 
color is obtained in the presence of hydrochloric acid when the amine is 
added to a plant extract clarified with charcoal. This increase in color 
was not observed when the amine was added to the meat extract under 
the same conditions. These results would indicate that the method is more 
specific than previous methods for the determination of nicotinic acid in 
plant tissue. The presence of other substances which react wuth the amine 
in plant extracts has been reimrted by Kodicek (1940) and Waisman and 
Elvehjem (1941), and various methods have been proposed by Brown, 
Thomas, and Bina (1942,1943) and Ilausman, Posner, and Cannon (1943) 
for the removal of these interfering pigments from plant-tissue extracts. 

Investigations are under way to determine whether comparable results 
with the microbiological method can be obtained by this method with 
extracts of plant tissue. 

SUMMARY 

A rapid simplified procedure is described for the determination of 
nicotinic acid in pork meats. Tin* tissue is hydrolyzed with 6 N 11(1; 
the extract is clarified with charcoal, neutralized, and an aliquot taken 
for nicotinic acid analysis. Cnly one setting of the galvanometer is required 
for a single determination of nicotinic acid. The feasibleness of the use of 
one galvanomder setting has been made possible by clarification of the 
amine with charcoal, the use of (commercially prepared cyanogen bromide, 
and th(‘ addition of hydrochloric acid to the sample blank before the addi- 
tion of the four-per cent cyanogen-bromide solution and the amine. Tt has 
be(*n found that the adding of these reagents to a solution strongly acidi- 
fied by hydrochloric acid develops no color from the nicotinic acid present. 
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[Rect‘ived for publication, October 18, 1946] 

No satisfactory method exists at present for quality coiitrol of frozen 
foods. Several methods have been proposed and some of them have been 
extensively used in studies concerning the methods of freezing and the 
effects of various processes upon the product. Among these methods for 
quality control the most important are the test for vitamin C, the peroxide 
value of the fat, and the count of microorganisms, Tressler (1945). The 
indole reaction of oysters, Beaeham (1946), and the electrometric titration 
of haddock, Stansby and Lemon (1933), have not as yet been well estab- 
lished as methods for quality control. The value of some other methods 
proposed (histamine determination, Geiger (1944), pH value determina- 
tion) is still questioned. The test for tenderness, DuBois and Lee (1941), 
and the alcohol-insoluble solids test, Lee (1943), which may be useful in 
certain cases, have very limited application. 

Of the first three methods — the vitamin (J test, the peroxide value, and 
the count of microorganisms — none has general application. All three are 
complicated and tlieir application in industrial work would be rather 
difficult. There is, furthermore, a marked disadvantage in that a record of 
the prefreezing condition of the product is needed for the interpretation 
of the results obtaijied by them. A mere statement of the number of 
microorganisms present would in many eases be of limited value without 
further information about the kind of microorganisms present. There is 
another property, however, which could be used satisfactorily in almost 
all cases of quality control of frozen foods. This property, known as the 
drip, practically corresponds to the result of the changes occurring during 
freezing, and its interf)retati()n does not necessarily require any record 
of the prefreezing condition of the product as is the case with the above- 
mentioned methods. Drip, as used in this paper, denotes the liquid w’hich 
exudes from the frozen product during thawing. Because no adequate 
measure of drip exists at present, very few values of drip or subsequent 
interpretation are found in the current literature. As a matter of fact 
values for drip appear in only a few papers. Five of these papers concern 
meat — DuBois, Tressler, and Fenton (1940), Ozoleng and Piotov (1941), 
Suarez (1928), and Ramsbottom anti Koonz (1939, 1940) — and two con- 
cern fruits and vegetables — ^loslyn and Marsh (1933) and Fieger, Dubois, 
and Kaloyereas (1946). Moran (1931), Ileiss (1936), and Ray (1938) 
give only general information in their papers and not definite figures on 
drip. Even in those cases where definite figures for drip are given their 
value is questioned since there is such large variation in the results that 
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no conclusion can be based upon them — Ozoleng and Piotov (1941) and 
Joslyn and Marsh (1933). 

In experiments on freezing fruits and vegetables by various methods, 
especially cauliflower, spinach, mushrooms, and strawberries — Kaloyereas 
(1940) and Fieger, DuBois, and Kaloyereas (1946) — determinations of 
drip were made, but little use was made of the data obtained because of the 
jrreat variation between similar samples. The c^use of these variations is 
the inadequate method used in determining the drip. The method used 
consisted of allowing the product to thaw and then to drain for two min- 
utes over a mesh screen. 

A new method for determining drip was developed in this laboratory 
using petroleum ether or Skelly Solve B previously saturated with water. 
The frozen sample is put into a beaker or other suitable container, covered 
with petroleum ether, and allowed to thaw for 24 hours. Then the sample 
is drained over a mesh screen and the volume of aqueous phase is read 
directly in a graduated cylinder. This method of determining drip always 
gives comparable results. Drip curves for various products, the drip being 
determined by both the old and the new^ methods, are shown (Pig. 1). The 
form of the curves obtained by the old method shows that there is no 
practical end to the exudation of drip even if the product is allowed to 
stand for more than 24 hours. On the other hand, by the new method a 
state is reached (after 4, 12, or 20 hours, according to the product) when 
practically no more drip is obtained from the product. When this condi- 
tion of equilibrium is reached, the volume of drip is practically the same 
for similar samples frozen under identical conditions and can be taken 
as a constant for that particular product under the specified conditions 
of the experiment. The reason that stable values for drip are not obtained 
by the old method is that deterioration and fermentation changes take 
place. These (*hanges, together with the unequal mechanical forces acting 
upon the various surfaces of the product during thawing, always create 
an unstable condition which never reaches equilibrium. Even if such 
equilibrium could be reached, it would not represent a normal condition 
of the product. This is shown by the rather large changes in pll and 
refractive index of the drip during the time of thawdng (Table 1). 

When spinach was tested by the old method, the pH and refractive 
index of the drip after three hours of thawdng at room temperature were 
6.15 and 2.8, respectively, and at the end of 24 hours were, correspond- 
ingly, 7.90 and 3.3. On the other hand, by the new method of obtaining 
drip, the pH and refractive index remained constant during the whole 
process of collecting the drip with value of 6.60 for pH and 2.8 for 
refractive index. With tomatoes similar results w^cre obtained. The drip 
by the old method started with an initial pH value of 3.15 and increased 
to 4.20, while the refractometer reading changed from 5.5 to 4.7. Using 
the new method the pH changed from 3.40 to 4.00 and the refractometer 
reading from 5.6 to 5.8. In the case of meat the changes were still 
greater. The beginning values for pH and refractometer were 5.25 and 
15,0, respectively, while at the end these same properties were 5.70 and 7.7, 
respectively. With the ether method the drip of the same meat had cor- 
responding values for pH and refractometer of 5.50 and 13.5 in the begin- 
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After 24 hours 

Refractive 

index 

(scale 

reading’) 

7.7 
13,8 

3.3 

2.8 

6.6 

1 4.7 

6.0 

7.0 

4.7 

5.8 

W 

A 

5.70 

5.40 

7.90 

6.60 

6.20 

3.02 

3.25 

4.20 

4.00 

Drip 

ml./ 

100 gm. 

4.2 

2.2 

26.5 

24.0 

6.0 

9.5 

58.0 

30.0 

58.5 

53.0 

w 

tf 

o 

•9 

oG 

tH 
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Refractive 

index 

(scale 

reading) 

13.8 

2.8 

1 

i 
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7.0 
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W 

a 

5.40 
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6,20 
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a 

‘C 

a 

ml./ 

100 gm. 

3.3 

2.2 

24.5 

24.0 

5.0 

9.5 

50.0 
2.90 

51.0 

50.0 

After 6 hours j 

1 Refractive 
index 

1 (scale 
reading) 

! 
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7.0 

5.0 
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W 

p. 

I 
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5.30 ! 

6.03 

6.60 

i 6.20 

1 

3.33 

3.25 

1 

1 

4.20 
! 3.50 

o. 

•c 
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1.7 

1.6 

18.4 

24.0 
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8.6 

41.0 
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37.6 

44.3 

1 After 3 hours 

Refractive 

index 

(scale 

reading) 

O Ift’ 00 QO «0 00 to lO to 

‘C 03 OJ to to id lO 

r-i T*-l 

W 

D. 

5.25 

5.30 

6.15 
6.60 

6.20 

3.55 

3.30 

3.15 
3.40 

P. 

*c 

Q 

ml./ 

100 gm. 

1.0 

1.1 

10.0 

24.0 

1.7 

8.1 

23.0 

20.0 

17.6 

35.7 


a 
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Old method 
New method 

Old method 
New method 
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Strawberries 
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(sliced) 
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ning and of 5.40 and 13.8 at the end. Changes in pll of meat have a 
definite effect upon the drip, according to Sair and Cook (1938). On the 
other hand, when the product is covered with petroleum ether, further 
changes are practically minimized until the condition of equilibrium is 
reached. In this case the mechanical pressure upon the different parts of 



Fig. 1 

the product during thawing is jiraetically the same. The fact is confirmed 
by the constant values obtained for pll and refractive index in the drip. 
Determination of drip by the new method on various products frozen dry 
in still air at — 17.8'’(\(()°F.) and stored for one or two days at the same 
temperature, gave the data (Table 2). 

The method can be applied also to fruit frozen with sugar (dry sugar 
or syrup) as well as with vegetables packed with brine. Treatment of 
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syrups with petroleum ether showed no change in refractive index of the 
syrups. In order to determine the extent of the practical application of 
this new method and its limitations for routine work, peaches of different 
varieties were packaged with 50 per cent sugar syrup in the proportion 
of three parts peaches and one part syrup by weight. The varieties used, 
whose freezing properties are well established, were Early Elberta, an 
excellent freezer; Georgia Belle, which is considered a poor freezer; and 
Elberta, which comes between these two. The freezing was done at 0°F. 
in air, and on freezer plates at — 34.4°C.( — 30°F.). Drip was determined 


TABLE 2 

Drip of VarioHft Products Using New Method 


Frozen product 

Drip 

pH 

Refrac- 

tometer 

readiiiif 

Tomatoes, slices 

w/./ 

100 {fm. 

53.0 

4.00 

5.8 

Celery, stalks 

25.0 


3 2 

Spinach, leaves 

24.0 

6.00 

2.8 

Lettuce, leaves 

24.0 

5.15 

2.7 

Pumpkin, segments 

16.0 

6.00 

3.0 

Potatoes, whole 

10.0 

6.00 

5.0 

Cauliflower, segments 

9.5 

5.98 

4.7 

Kggplant, slices 

8.0 

4.30 

3.7 

Okra, pods 

1.0 

4.20 

5.0 

Strawl)erries, whole 

30.0 

3.36 

7.8 

JVach, slices 

16.5 

3.65 

8.3 

Sultanina grapes 

12.5 

3.20 

16.4 

(hintaloupe, segments 

P2.0 

5.92 

8.2 

8and pear, slices 

7.0 

3.63 

10.0 

Avocado, slices 

3.0 

5.15 

7.0 

Beef, segments 

2 2 

5.40 

13.8 

Shrimp, tails 

3.4 

7.65 

6.9 


also on strawberries (Klonmore variety) packed dry, packed with dry 
sugar, and with syrup and frozen in air at ()°F., and by immersion in 
alcohol-dry ice bath at — 6r)‘^C.( — Sb'^F.). The results obtained are given, 
after different periods of storage (Figs. 2 and 3). It will be noted (Fig. 2) 
that the amount of drip is in inverse relationship to the freezing suitability 
of the different varieties. The drip, therefore, taken by this new method 
may serve as an index of the freezing properties of the different varieties 
of peaches. The values for drip for each product should always be exam- 
ined comparatively and not be considered as absolute values since various 
factors, as shown later, affect drip. 

A study of Fig. 3 brings out the effect of quick-freezing, the effect of 
time of storage, and the effect of the 'use of syrup and sugar on the volume 
of drip. In general, more rapid freezing causes decreased formation of 
drip. Storage, on the other hand, increases it. 

The effect of quick-freezing upon the drip with various products is 
shown graphically (Fig. 4) where drip curves are drawn for five different 
products frozen in still air at 0°F. and by immersion in alcohol-dry ice 
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bath at — 85 °F. In all eases where a considerable distance between the 
corresponding horizontal parts of the curves exists there is always a posi- 
tive effect of quick-freezing upon the quality of the frozen pack. It must be 
realized, however, that the effect of quick-freezing upon the drip is not 
always the same with different procfucts, and even quick-freezing does not 
always reduce the drip as is shown with Snltanina grapes, sand pears, and 
potatoes (Table 3). 

This point is quite important since there is a rather general belief 
among various workers that the most rapid freezing always gives the best 
product. It has been observed that rapid freezing renders the product 
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firmer after thawing and is very desirable for most of the products frozen 
at present. There are, however, some products, such as Sultanina grapes, 
for which very rapid dry-freezing offers no advantage, especially if it is 
applied by the use of very low temperatures. There appears to be a defi- 


TABT.E :i 


Effect of Bate of Freezing Upon Quantity of Drip 




1 Drip from product 

Frozen product 


Frozen in 
air at 

— 

(0“F.) 

Frozen by 
immersion in 
alcohol-dry 
ice bath at 
— OS'^C. 

(— 85®F.) 

Tomatoes 

ml.f 

100 yrn. 

."'>3.5 

ml./ 

100 gm. 

19.5 

Rpiiiaoh 

24.0 

13.0 

Eirtfnl.ant 

8.0 

4.0 

Pumpkin 

16.0 

14.5 

(Cauliflower 

0.5 

7.8 

Okra 

1.0 

1.0 

Strawberries 

30.0 

19.0 

Peach 

16.5 

7.0 

A vnenfln 

3.0 

1.0 



• 

12.0 

8.0 

Beef (after storage) 

6.4 * 

4.7 

Potatoes 

10.0 

14.0 

Sultanina grapes 

12.5 

13.5 

Sand pears 

7.0 

9.5 

Sweet ])otiitoes 

2.0 ! 

1.0 



nite relationship between the amount of drip and the bound water of the 
tissues. Since for products of high bound-water content low freezing 
temperatures affect the bound water-free water equilibrium to a greater 
extent than do high freezing temperatures, quick-freezing would not be 


TABLE 4 

Bound Water and Drip From Longfellow Pumpkins After 
Various Treatments 


Treatment of sample 

Bound 
water ^ 

Drip 


pot. 

ml./ 



100 gm. 

ITntrejited 

2 46 

16.0 

Soaked in 55% sugar solution for 24 hours 

8.64 

0.5 

Soaked in 1% iieetin solution for 24 hours 

4.40 

10.8 

Soaked in 2% gelatin solution for 24 hours 

3.00 

14.5 

Dried partially in a vacuum desiccator 

5.72 

1.5 

' The drying method of Nelson and Hulet for the determination of 

bound water 

was used in 

these experiments. 




as beneficial fot* such products as for those of low bound-water content. 
Further work on this phase of the problem is being undertaken in this 
laboratory. By treating pumpkins, a product of low bound-water content, 
with substances such as sugar, pectin, gelatin, etc., which might affect the 
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capacity of tissues for binding water, results were obtained which seem 
to warrant the conclusion that there exists such a relationship between 
bound water and drip (Table 4). These results also throw new light upon 
the heretofore unexplained effect of sugar and pectin on fruit and vege- 
tables during preservation by freezing. When Kaloyereas (1940) pub- 
lished results upon the use of pectin in freezing fruits and vegetables, the 
idea was then expressed that pectin acts in reducing drip by its gelling 
power. A better explanation lies in the effect of pectin on the bound water 
of the tissues. The inverse relation which always exists between the amount 
of drip and its refractive index suggests that fluctuation of free water 
in the tissues is the cause of fluctuation of the drip. 

SUMMARY 

A new method for determining drip of frozen products was develojied 
using petroleum ether or Skelly Solve B jireviously saturated witli water 
as the thawing medium. 

The physi(*al and chemical properties of the drip obtaijied by the new 
method are stable, and reproducible values are obtained on duplicate sam- 
ples. Such values can, therefore, be used for the (piality control of various 
frozen foods. 

Rapid freezing decreases the (piantity of drip and gives a belter frozen 
pack with many products. For products, however, with high bound-water 
content rapid freezing is not as beneficial as with j)roducts of low bound- 
water content. A definite relationship exists between the drip of various 
products and their bound-water content. 
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The preservation of food by freezing depends upon retarding the rate 
of microbial, enzymatic, and chemical changes. It is generally agreed that 
frozen food should be stored at — 17.8°C.(0°F.) or lower to retard such 
changes. The presence of microorganisms in frozen food may not be im- 
portant from a health viewpoint, but their presence may be important in 
determining the storage life of the food and is an indication of the method 
of handling. 

Tressler (1938) considered numbers of bacteria present, ascorbic acid 
content, and presence of oxidizing enzjmies as three important criteria of 
quality in frozeii vegetables. Wide variations in microbial content of 
vegetables have been reported by Prescott, Bates, and Highlands (1932) ; 
Smart (1934, 1937, and 1939) ; Smart and Brnnstetter (193b, 1937) ; Loch- 
head and Jones (1936) ; Diehl, Campbell, and Berry (1936) ; and Morris 
and Barker (1935). In correlation shniies of a modified plate method and 
the standard Petri plate method Nickerson (1943) has also shown a wide 
variation in counts from frozen vegetables. 

Although noting a high mortality of bacteria during blanching, Diehl, 
Campbell, and Berry (1936) and Smart (1939) observed that the blanched 
vegetable was more subject to rapid growth of bacteria than the raw vege- 
table. Smart (1939) and Berry (1933) studied types of microorganisms 
present in the frozen product. 

Literature reviews on the microbiology of frozen food have been pre- 
sented by James (1932), Wallace and Tanner (1933), Berry and Magoon 
(1934), and Prescott and Tanner (1938). 

During the course of several years numerous samples of frozen foods 
have been examined, from those packed under the most careful conditions 
to tliose which were obviously contaminated and in some cases had not 
been frozen properly. An attempt was usually made to explain excessive 
counts by a study of contamination of processing equipment or growth of 
bacteria during handling of the food. 

All bacteriological counts were made upon representative samples of 
raw or frozen vegetables by the usual dilution and plating technic, using 
a tryptone- yeast extract -glucose agar. Plates were incubated at either 
25'^C.(77°F.) for three days, 30 to 32^C.(86 to 89.6°F.) for two days for 
normal counts, or at 45 and 55° G. ^113 and 131°F.) for thermophilic counts. 

RESULTS AND OBSERVATIONS 

Typical samples of good-quality frozen vegetables (Tables 1 and 2) 
show plate counts as low as 1,200 per gram, and with the exception of corn 

^Approved by the director of the New York State Agricultural Experiment Station 
for publication as Journal Paper No. 686, October 10, 1946. 
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TABLE 1 

Plate Counts on Quick-Frozen Vcprlables 



P»roc('oli 

liroc'C'oli 

JL'ocroH 

Hro('(*()li 

Hrocc'oli 

Broccoli 

B(‘ns 

Jiimji beans 

Jiiina beans 

I/nna beans 

String? beans 

Spinach 

Spinacli 

(h>rn, cut 

Oorn, cut 

Spinach 

' Plato counts piven in thoiisancla per gram. 

TABLE 2 

Bacterial Plate Counts From Tu'o Series of Good- and 
Poor-Quality Frozen Peas 

Platt* count (thou- 
sands per gram ) 

loO 
162 
206 
i:)2 
190 
2H0 
182 
92 

6 

7 

11 

8 

10 

7 

8 


420 

297 

116 

286 

3 

26 

9 

4 




Poor (piality 
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ajul peas few wore above 100,000 per gram. Counts on four lots of peas, 
two of good (pjality and two of poor (juality, were ratlier snri)rising in view 
of the faet that the sei*ies of superior j)eas yielded higher eoiints than the 
inferior ])eas, averaging 190,000 and 8,700 per gram, respectively. Tliis is 
understandable when it is realized that tlie superior peas were tender and 
thus more subject to bruising and exuding of juice on the belt lines, caus- 
ing greater subsequent bacterial growtli as well as (‘ontamination of the 
])ack. On th(^ othcT hand, these inferior peas wei'c overmatun* and actually 
sliould not have been us(‘d for fre(‘zing. 

V(‘getables, as Ijarvested, are highly eontaininated with microorganisms. 
They are usually blanched before packaging and freezing, and it is gener- 
ally known that a high percentage of the microorganisms are killed during 
the blanching proc'css. However, the number that survive and the rate at 
which they multiply after heating and before and during freezing, arc 
imj)ortant factors in determining the number of bacteria which may ulti- 
mately be present. 

The two lots of peas studied were divided into several aliquots after 
Avashing and sorting. Some of the peas from each aliquot were quick-frozen 
immediately, and the rest were .stored at 1.1 and 21.1‘^(k(84 and 70“h\). 
From t]i(\se, moi’c ])eas wen^ ])ackaged and froz(m at 5, 10, and 20 hours. 
Similar lots of peas were blanched for five minutes at 82.2°( '.(180°F.), 
If) se(‘onds at lOO^^t ^ (212°F.), 80 seconds at 212'^F., and one minute at 
212®F. These W(‘re (M)oled immediately and some from each lot packaged 
and quick-frozen immediat(*ly, while some Avere stor(‘d and later packaged 
a,nd fj'ozen as aboAc. T^latings Avere made for bacterial counts immediately 
IxTore freezing and after 88, 140, and 288 days. 

Th(‘ results (Table 8) seem somcAvliat confusing in certain respects, 
rnblaiiclu'd p(‘as naturally yi(‘lded a higher count than lilanclied peas: 
howev(‘r, the relative increase in count from unblanch(*(l p('as during hold- 
ing ])rioi' to freezing Avas not as great as from blanched ])eas. These in- 
(u-eases in ('oiint Avei*e gi’eat(‘r in samples stored at room temperature than 
thos(‘ held at 84^d-<^. and, of (*ourse, the longer the peas Avere held th(' higher 
the count, jroAveA'(‘r, some samples slioAA^^d a Tory marked increase b(4ween 
th(‘ first plating and subsecpient platings. For (‘xam])h‘, Samiile A2, 0 time, 
iiK'reased from 8,000 in the first i>lating to 2()4,()00 after 88 days and 
•100,000 after 110 days. Other sam})h‘s shoAved similar increases and still 
others decreased; Hf), 20 minutes, dcM'reasixl from 408,000 in th(‘ fii’st ])lat- 
ing to 10.000 in the simmukI. Tliese variations are gr(»ater than might be 
expected from sampling and counting errors. A certain decrease is due to 
death during fi’eezing storage, particularly among the higher count samples 
h(*ld for fiAx* hours befon' freezing, and those sanqdes held at 84*^ F. for 10 
and even 20 hours. Tli(‘ relative increase in numbers of bacteria during 
liohii ng is just as great as, if not greater than, occurs in unblanched peas. 

The series was repi'ated, omitting the last blanching but plating sam- 
ple's immediately before and after freezing. Again, very low counts Avere 
obtained from blanched samples (Table 4), and the count did not rise 
gr(‘atly in peas held at 84"F. for five hours. Markedly higher counts were 
obtained from all samples held at 70®F. before freezing. As in the first 
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series, some of the counts, particularly the higher ones held 21 hours before 
freezing, increased markedly after freezing. Microscopic examination of 
some of these indicated that this was due to breaking up of bacterial 

TABLE 3 


A study of Bacterial Counts in Blanched Peas 


I 

S.jmple 1 
No. ! 

1 

Blanch 

IVfts held 
prior to 
frtMjzing at 

Time of 
plating 

Number of hours peas were held before 
quick-freezing 

0 


10 

20 



"F. 

days 





A2 

None 

34 

Before freezing: 

8’ 

112 

300 

290 




1 38 

2()4 

144 

330 

332 




! 140 

400 

112 

448 

144 



1 

1 

1 2H8 

112 

20 

4;-, 

47 

A3 

N one 

70 1 

Before freezing: 


112 

208,000 

10,000 



1 

38 


lOoO 

20,000 





140 


3000 

20,400 



1 


288 


100 


H."i 

.■> min., 

34 

Before freezing 

0.024 

0.24 

1.34 

408 




38 

1.42 

3.24 

3.20 

10 




140 

0.40 

1.08 

2.40 

3 




288 

0.80 

1.24 

l.HO 

() 

B() 1 

i .*) min. 

70 

Before freezing 


l.f) 

38 

0,400 

1 

1 


1 

38 


9.0 

03 

40,000 




1 140 

j 

7.4 

72 

40,000 




! :1H8 


2.0 

13 

100,000 

(^8 

! 1 T) 8(?c., 

34 

1 Before freezing 

! 0.0 1(5 

0.22 

2.0 

240 


212"F. 


38 

JO.O 

0.00 

0.0 i 



i 


140 


3.00 

3.0 

24 



i 

288 

i 12.0 


3.2 

4 

(^9 

1 .“) see., 

1 

! Before freezing 


0^(5 ” 

bTs 





:is 1 


11.20 

80 

40,000 




140 1 


' 3.00 

10 

30,000 




288 

' 

1 .08 

0 

44,000 

1)11 

30 arc., 

i 

Before freezing 

0.0(5 

^ oT23~ 

0.2 ~ 



' LM2"F. 

I 

38 ! 

! 3.00 

0.00 

33.2 




1 

140 


4.00 

1 0.8 




1 

1 . 

288 ; 



37.0 


urT 

30 see., 

70 

Before freezing 


(Tll^ 

~ 23.2 

^2, 48(1 ’ 


212"F. 


38 

1 

2.24 

17.0 

12,800 




140 


4.40 

19.2 

31,200 




288 

1 

2.44 

10.0 

14,000 

K14 

1 min., 


Before freezing 

* 'TTo io 

0.184 

0.278 

104 


21 2 "F. 


; 38 

2.700 

0.700 

20.0 




i 

140 I 

1.840 


23.0 

20 

Elf) 

1 min., 

j 70 

Before freezing 


0.30 


1^)8” 


21 2 “F. 


:i8 


2.00 

11.0 

11,200 




140 


2.40 

8.8 

8,000 


‘ J’laU* routJts jfivoii in thousands per gram of pens. 


clumps during freezing, (dumping or massing of bacteria was particularly 
noticeable in Sample B6, held 21 hours before freezing, but it could not be 
observed in the sample after freezing. This factor, as well as variations 
in sampling, may account for many of the apparent differences in counts. 
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These results show that blanched and frozen peas, if not further con- 
taminated, may have a low count but that the number of microorf 2 fanisms 
may rise rapidly if the peas are held at room temperature before freezing. 
This factor is extremely important in commercial processing. The colder 
the peas, the slower this increase will be. 


TABLE 4 

A Study of Bacterial Counts in Blanched Peas 


Sample 

No. 

Blanch 

Storage 

temperature 

Time of 
]>lating 

Number of hours peas were held before 
quick-free/ing 

0 1 


10 

20 



^F. 

dnya 





A2 

None 

34 

Boforp freezin^f 

.'JOT' 

288 

024 

324 




2 

29() 

104 

21,200 

202 




af) 

2S,S 

108 

720 

440 




73 

8S 

84 

120 

84 

a:i 

None 

70 

i Before freezing 



3,320 

240,000 





1 0 


3,080 

2,020,000 





.ar, 

i 

1 

300 

2,300,000 





73 

1 

i 

420 

2,100,000 


B.l 

T) min., 

:u 

Before freezing 

3.2 i 

i 00 

330 

38 




0 

7.2 i 

i 13 

10 

100 




•> r 

20 

1 4 

‘M 

12 




73 

24 1 

3 

10 

n 


f) min.. 

7~o’ 

P»efore freezing 

i 

(U) 

4('m^{)00 





0 


1 02 

0,000,000 







28 

3,040,000 





1 * 


10 

0.100,000 


~ 1)11 ' 

se('.. 

34"" 

Jiefore freezing 

olT 


27" 

2V> 




2 

J.7 ! 

43 

DO 

100 




.‘If) 

I.O 

44 

30 

13 




1 

•» 0 

0 

20 

4 

miT 

:B) se('.. 

70 

Before freezing 


0 

320,000 



I()0‘’(\ 




3 

830,000 





r.f) 


4 

730,000 





73 


1.4 

400,000 



’ IMntc counts piven in (hou&aiids iioj piani of peas. 


Coniamination in Processing amd Growth During Holding and Freezing: 
In the commercial proeessing of vegetables prior to freezing it is impossible 
to avoid some contamination and some time will elapse between the time of 
blanching and freezing. Growth of microorganisms will occur and it is 
therefore essential to reduce the time of processing and degree of contami- 
nation. A study of processing lines shows that these factors cannot be 
avoided but can be minimized. 

A study of the processing equipment for corn showed several places 
where bacteria might multiply and contaminate the pack. Plate counts of 
corn (Table 5) showed that blanching killed at least 97 per cent of the 
microorganisms, in this instance leaving only 700 per gram. However, 
counts obtained in the cooling vat, 10,000 to 18,000, and a very high count, 
400,000, obtained from corn around the cutter, indicated contamination 
and growth. The latter does not represent corn moving along but rather 
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residue around the eutter wliich may serve as a source of contamination. 
After blanching, cooling, cutting, and screening, corn showed an increased 
count, 17,0(K) and 31,000 per gram. At the end of the sorting and packing 
belt, counts of 240,000 and 260,000 per gram were obtained, and counts in 
this range were obtained from several packages. This indicates a high 
degree of contamination, possibly from the sorting belts. Plate counts made 
from scrapings from one of these belts were beyond the dilutions used, 
possibly in the hundred millions per gram. 

TABLE 5 

liarirrial Plate Counts on Samples of Corn From 
Processing Equipmen I 

Approximate 
count per gram 

72.000 

22.000 

700 

18,000 

10,000 

400.000 

200.000 

77.000 
.150,000 

480.000 

100.000 

100,000 

17.000 

.11.000 

240.000 

200.000 

.1.3,000 

81,000 

220,000 

281,000 

140,000 
2,000,000 
14,000,000 


('orn on the cob ])resents a problem in that it is difficult to cool the 
cobs after blanching, and thus freezing may be relatively slow even in a 
quick-freezer. Typical counts obtained by weighing out five gi-ams of ker- 
nels of corn, taken at random after freezing, show counts well up in the 
thousands per gram (Table 5). Some increase is observed in packages 
held at O.G^C. (33‘^F.), and a considerable increase in packages held at 70'^P. 

A string bean proce.ssing line, in which the beans were cut while warm, 
showed a high degree of thermophilic contamination around the knives, 
rubber roller, and elevator (Table 6). Founts in the millions were obtained 
from scra])ings and residue around these places, ev(‘n after washing. 

A study of a pea processing line has shown similar results, that is, a 
high degree of contamination from the sorting belt. It was difficult to 
collect samj)les from this line, but effects of this contamination were readily 
shown in plate counts on the frozen peas. 


Sourt'f of sample 

From hiiskor before washing 

From busker after washing 

After steam blanching (iV^ min., cooled 

Water from cooling vats — head end 

Water from cooling vats —foot end 

Corn around cutter 

1 . ( "lit corn after freezing 

la. ('Ut corn after freezing 

2. Out corn — early run 

2a. ("ut corn - e.arly run 

,3. Put corn — ^latc run 

Ha. ("ut corn — late run 

4. (hit corn from reels 

4a. Out corn from reels 

5. ("ut com — end of packing belt 

.5a. (hit corn — end of packing belt 

1 . Cob corn after packing 

2. ("ob corn in ./F. room, 1 hour 

.3. ("ob corn in 33 “F. room, 3 hours 

4. (h)l) corn in ,33 °F. room, .5^4 hours 

.5. ("ob corn in 70'’F, room, 1 hour 

0. Cob corn in 70 “F. room, .3 hours 

7. ("ob com in 70 “F. room, hours 



SIGNIPICANCE OF BACTERIA IN FROZEN VEGETABLES 4^).“) 

Peas obtained from another i>roeessing line showed the same contamina- 
tion but to a lesser degree. By the time the blanched peas reached the 
sorting table the bacterial plate counts were 7,000, 8,000, and 8,600 yier 
gram. After sorting the peas, counts of 24,800 and 26,800 were obtained. 
The y)ackaged peas varied from 21,000 to 92,000 per gram. There is little 
doubt that the contaminating organisms are in a growing state and there- 
fore will continue to grow in the y)eas unless cooled immediately. This 
rate of growth was demonstrated by holding the y^eas at 70°F. and plating 
three of these samples at about two-hour intervals. The plate counts showed 
that the bacteria yiractically doubled every hour (Table 7). In other 
words, the increase began immediately without going through the typical 
lag ydiase. 


TABLE fi 

Thermophilc Count From Scrapings From Bean Line 
After Blanching 


Source of 
sample 

No. 

4.5°C.(lKrF.) 

count 

55°C 

count 

Elevator to hoy)pcr 

- 1 

3,000,000 

6,000 


i) 

2,400,00 



,3 

10,000,000 

600,000 


4 

20,000,000 

1,000,000 



21,000,000 

800,000 


6 

18,000,000 

1,100,000 

Rub>)or roller 

1 

1,000,000 

3,200 


o 

1,100,000 

3,000 


3 

120,000 

400 


4 

100,000 

400 


5 

6,000 

600 


f) 

8,000 

400 


7 

1,200,000 

1,800 


8 

1,200,000 

2,800 

Knives 

1 

32,000 

8,000 


2 

1 56,000 

6,600 


3 

20,000 

12,000 


4 

28,000 

7,000 


5 

320,000 

24,000 


fi 

520,000 

1 0,000 


TABLE 7 

Bacterial Plate Counts From^Thrcc Packages of Peas Held at. 
i2Ul'^C.(70''F.) Prior to Freeamg 


Time 

I Plate count iu*r prram 

hr. 

win. 





40 

21,000 

34,000 

8,000 

o 

40 

72,000 

49,000 

21,000 

4 

25 

297,000 

158,000 

30,500 

6 

0 

585,000 

405,000 

90,000 

8 

0 

3,100,000 

2,150,000 

1,070,000 

11 

25 

21,000,000 

7,040,000 

20,000,000 
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Tt has been shown that bacteria will develop upon processing equip- 
ment during operation and that they will contaminate the pack to a limited 
extent. If one studies such equipment, it becomes obvious that such con- 
tamination cannot be entirely avoided. In itself, the contamination that 
lias been observed may increase the bacterial count but it does not necessa- 
rily produce a noticeable eifect upon quality of the food. However, the 
higher the count, the closer one approaches the point where bacteria may 
affect the product. If the food is not frozen properly, bacteria may multiply 
excessively and cause a noticeable effect. 


TABI.K 8 

Summary of Bactrrial Flair Covnift ^ on Fro;:cn Fras 


1 jjOMiratorv 

_ 





’ 


(’f)ntaminali‘d 


srimyles ; 

Washed 





rontaminated 

and frozen 


WiiHh«*d 

and 


Con In mi- 

from equip- 

imT>roperly ; 

Frozen 

nn <i 

parka Kod ; 

con t ain inn- 

nated from 

merit ; 

possiblv 

definite 

imjiroperly ; 

yufkuRPtl 

poas 

tion from 

equinrnent 

sonH‘ 

ffrowth 

indication 

T>(*tis show 

immodi- 

drv 

equipment 



before freezing 

of growth in 

gioss spoil iifje 

atHy 








pa( 

kace 


0.8 

0.0 

SI 

‘*2 

100 

400 

000 

010 

1300 

2100 

41,000 22,000 

l.S 

7.0 

28 

21 

213 

420 

710 

840 

4000 

1000 

118,000 20,000 

O.f) 

1 l.O 

70 

43 

240 

110 

700 

770 

2 100 

JOOO 

91,000 32,000 

1.7 

8.0 

78 

10 

400 

130 

7!t0 

840 

1000 

2400 

31,000 13,000 

0.4 

10.4 

80 

IS 

140 

320 

110 

720 

2200 

3200 

13,000 340,000 

i 

7.4 

7.3 

48 

200 

400 

810 

0(»O 

2000 

3400 

21,000 1,000.000 

0.8 

8.0 

1.1 

80 

1 03 

330 

020 


0000 

0880 

41,000 1,000,000 

o.a 

7.0 

IS 

30 

121 

no 

SOO 


1090 

2170 

14,000 4,000,000 

0.1 

3.0 

14 

30 

100 

130 

870 


1200 

14 10 

14,000 

(».i2 

2.1.0 

41 

00 

1 10 

ISO 1 

010 


1410 

2900 

12,000 

2.r) 

! 0.0 


11 

101 

240 

1 820 


3100 

1030 

13,000 

11.0 

4.0 

1 10 

21 

100 

43,0 

1 SOO 


2700 

8100 

17,000 

;i.i 


0 

01 

142 


81 ;o 


noo 

4000 

20,000 

l.H 

1 

‘20 

03 

loo 



1 

080 


I 

1370 

1400 

92,000 

0.7 

i 

i 15^ 

31 

101 


100 


1200 

3000 

78,000 

o.r. 


, 20 

20 

270 


1 030 


1 1310 

1400 

17.000 


■' I'iStiumtcd fMtunls Kivrn in (lionsarids yor "ram. 


In ('ommen'ial fre(‘zing of vegetables after the jiaekage is filled, it may 
be an hour or more before it can be frozen. It has been pointed out that 
the bacteria will then multiply quite rapidly. A number of packages of 
peas which had been packed in cartons and placed in the freezer room, 
but owing to poor air circulation did not freeze uniformly, were made 
available for study. There is little doubt that growth had occurred after 
])ackaging. The counts on these, as well as counts on properly frozen peas, 
have been compared (Table 8) and grouped. The first group were labora- 
tory samples, that is, they were blanched, cooled, and hand-packed. Counts 
were naturally low. The second group of 12 represents counts from over- 
mature frozen peas upon which bacteria would not grow rapidly. 

Tliere seems to be little doubt that those 82 commercial samples in the 
next group with counts below 100,000 (Table 8), the majority of which 
are below 80,000, represent a condition in which a minimum contamination 
and growtli had occurred^. These might be considered as average counts 
obtained under good commercial conditions. Another group of 29 samples 
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had plate counts between 100,000 and 500,000, the majority in the lower 
ranpje. This seems to be associated with a gross equipment contamination, 
or some growth in the package prior to freezing. Another group of 22 
samples yielded counts from 500,000 to 1,000,000. These, and tliose samples 
in the next two groups of 56 samples w'ith counts of over a million, seem 
to represent that condition in which gross contamination was followed by 
growth in the package. The majority of these samples were definitely 
inferior and showed the detrimental effects of bacterial growth. Some of 
these had actually become brown in color and ])utrid in odor, and it is 
doubtful if they were frozen for at least a day after packaging. 

DISCTTSSION AND SUMMARY 

In the processing of vegetables for freezing, a large proportion of the 
bacteria present on the vegetables is killed in the blancliiiig process. How- 
ever, bacteria may develop during the cooling, liandling, aiid preFreezing 
period. 

Under commercial conditions some contamination of the food by bac- 
teria occurs, particularly from places on which juice of the vegetable is 
exuded and serves as a bacterial growth medium. 

An important fact which is usually overlooked is that these contaminat- 
ing microorganisms are in a rapid growth phase rather than a lag jffiase. 
(4iesney (1916) pointed out that organisms will continue growth at the 
same rate when transferred to a new medium. This being tlie case, growth 
of tlu'se contaminating organisms will continue at a rapid rale unless it is 
stoi)])ed quickly by subjecting th(‘ food to low temperatures. With a low 
degree of contamination, for example, 10,000 per gram, a count of a million 
or more may be attained within a tVnv hours. If these organisms were in 
a lag j)hase oj* had been recently subjected to a heat shock, however, more 
than that p(*riod of time wmuld be required for growth actually to got 
under way. Therefore, we must consider that tlie organisms introduced by 
groAvth in exudates on e(|uipment ai-e far more subj(*ct to yielding high 
counts in foods than are those ])resent on the veg(‘tables. 

Bacterial counts should not be thought of as an indication of the qual- 
ity of the food but rather as an indication of handling of the food between 
blanching and final freezing. Very low counts are an indication of properly 
blanched food and extreme cleanliness of equipment. Uontamination from 
equii:)ment will cause somewhat higher counts but the very high counts, that 
is, a million or mo)*e per gram, undoubtedly are the result of e(|ui])nKM]t 
contamination followed by too-long holding before freezing. 
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These experiments were undertaken in order to study the extent to 
which the reduced ascorbic acid content of five vef^etables was affected by 
severaJ common procedures. The home practices investigated were holding 
freshly harvested snap beans at room temperature and in the refrigerator; 
boiling fresh peas, snap beans, soybeans, and spinach in different amounts 
of water for various lengths of time ; cooking and holding rhubarb ; and 
cooking, holding, and reheating spinach. 

There are numerous reports in the literature dealing with the ascorbic 
acid content of raw peas, rhubarb, snap beans, and spinach and the effects 
of storage, cooking, and holding and reheating on the amounts present. No 
attempt has been made here to review^ all the articles tliat have been i)ub- 
lished on these subjects; a compilation of published data on the amounts 
of ascorbic acid retained when raw peas, rhubarb, snap beans, soybeans, 
and spinach were cooked is presented (Table 1). Some of the tabulated 
results and some from other investigations will be considered later, in 
detail, in relation to those obtained in the present study. 

I-IXPERI MENTAL PROCEDURE 

The Dark Podded Thomas Laxton peas, Victoria rhubarb. Bountiful 
and Stringless Black Valentine snap beans, lligan soybeans, and Blight 
Resistant Savoy spinach used in this study were grown under the super- 
vision of the Department of Horticulture, University of Illinois. The 
vegetables were harvested at suitable stages of maturity for eating and 
were brought to tlie food research laboratory on the day they were picked. 
Preparation of the vegetables was started immediately. Snap beans were 
obtained from diffei-ent plantings in 194‘1 — Bountiful snap beans, from 
June no to July 7, and Stringless Black Valentine snap beans, from 
August 5, to Se])tember 9. In the same year, work was done on Higan 
soybeans from September 20 to 24 and on Blight Resistant Savoy spinach 
from October 19 to 29. Dai’k Podded Thomas Laxton i)eas were obtained 
from June 12 to 15 in 1944, and Victoria rhubarb from May 14 to 22 in 
1945. The effect of the following procedures was investigated. 

Holding at Different Temperatures: One picking of Bountiful snap 
beans was subdivided into three lots and each of the three pickings of 

^ Work undertaken as part of the National Cooperative Ex])criment Station Project 
on ‘^Conservation of Nutritive Value of Poods.” 

® Present address: Frozen Food Foundation, Tnc., Syracuse, New York. 
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TABLE 1 


Retention of Ascorbic Acid When Raio Peas, Rhubarb, Snap Beans, 
Soybeans, and Spinach Were Cooked 


Vegotablo, variety (if known), and 
cooking procedure 


Peas : 

anO gin., 3 cui)8 water, 20 to 30 min., open kettle 

350 gm., waterless cooker 

350 gm., pressure saucepan at IH-lb. pressure 

Cooked to give a palatable product 

Thomas Laxtoii, 525 gm., 700 ml. water, approxi- 

raat(‘ly 2 min. back to boiling, boiled 14 min 

Alderman, 525 gm., 700 ml. water, approximately 

2 min. back to boiling, boiled 13 min 

Cooked - no details given 

85 grn,, 180 ml. water, 17 min 

Boiling (14 samples, 3 experiments) 

Boiling 

Boiling, 1 part vegetable to 3 parts w'ater, 25 min 

454 gm., 15 ml. water, 5 min. to boiling, 

15 min. simmer 


Ascorbic 

acid 

retained 
in cooked 
vegetable 


prt. 


Reference 


40 Brinkman ct at. (1942) 

48 Brinkman ct a(. (1942) 

58 Brinkman et al. (1942) 

57 Burrell and Ebright (1940) 


42 


Fenton ct al. (1930) 


53 

39 

45-00 

02 

38 

37-42 


Fenton et al. (1930) 
Harris and OHiver (1942) 
tlohnston ct al. (1943) 
Lampitt et al. (1943) 
Olliver (1940) 

OHiver (1941) 


80 


User et al. (1943) 


454 gm., 300 ml. water, 4 min. to boiling, 

20 min. simmer 

Laxtonian, boiled 30 min., open kettle 

Thomas Laxton, 350 gm., 120 ml. water, 

4 to 5 min. to 99 °E., cooked 8 min 

Alderman prepared as above 

Thomas Laxton, 350 gm., 350 ml. water, 

5 to 5.5 min. to 99 '’F., cooked 8 mill 

Alderman prepared ns above 

Thomas Laxton, 350 gm., steamed (i.5 min. 

to 99“F., cooked 8 min 

Alderman ])reparod as above 

Eliubarb : 


68 Oserr(u?. (1943) 

67 Hichardson and Mayfield (1940) 

71 'rodlmiiter and Bobbins (1941) 

76 Todhuiiter and Bobbins (1941) 

54 Todliiniter and Bobbins (1941) 

57 Todhuiiter and Bobbins (1941) 


80 Todhuiiter and Bobbins (1941) 

86 Todhunt<‘r and Robbins (1941 ) 


Victoria, peeled, cut in 0.5 inch yneces, 400 gm., 30 
ml. water, cooked 10 min; first 2 min. in high, 

Pyrex pan 

As abov(‘ in covered Pyrex pan 

4 parts sliced rhubarb, 1 ])art water, 2 parts 

sugar, boiled for 5 min 

Snap beans: 

255 gm., beans cut in 2 or 3 pieces, 1,020 ml. 

water, 30 to 35 min., o])eii kettle 

255 gill,, waterless cooker 

255 gm., pressure sauce])an 

Cooked to give a palatable ju'oduct 

Bountiful, 4 T)arts beans to 1 part water, 30 min 

255 gm., 1,020 ml. water, 30 min 

Cook(‘d no details given 

255 gm. whole, 1,020 ml. water, 30 min., ojum kettle 

255 gm. whole, 40 ml. water, 30 min., covered 

Befiigee, 255 gm., 1,020 ml. water, 2 min. to 

boiling, boiled 15 min 

Kentucky Wonder, 255 gin., 1,020 ml. water, 2 min. 

to boiling, boiled 17 min 

Soybeans : 

Jogun, cooked 25 min 

Spinach : 

Steam cooked, 1 1b., using 100 ml. water 

Water cooked, 1 lb. to 900 ml. water 

Heavy jiack, garden fresh, 300 gm., 600 ml. water, 

2 min. to boiling, boiled 6 min 

Heavy pack, garden fresh, 300 gm., 60 ml. water, 

2 min. to boiling, boiled 6 min 

5t0 gm. wet syiinach in 2.5 cups water, 8 min | 

Cooked — no details given 

1 part spinach, 1 yiart water, 7 min., open kettle 

In water clinging to leaves, 8 min,, open kettle 

60 ml. water, pressure saucepan, 0.5 min. at pressure. 
In water clinging to leaves, pressure saucepan, 0.5 

min. at pressure 

Boiling (9 samples, 9 experiments) 


86 

Brown rf al. (1941 ) 

92 

Brown ct al. (1941 ) 

60-70 

(Hague cl al. (1935) 

51 

Brinkman ct al. (1942) 

49 

Brinkman ct al. ( 1942) 

40 

Brinkman ct al. (1942) 

73 

Burrell and Ebright (1940) 

76 

Farrell and Fellers (1942) 

42 

Ilalliday and Noble (1936) 

42 

Harris and OHiver (1942) 

58 

1 resell and Eheart (1944) 

59 

J resell and Eheart (1944) 

62 

Mack ct al. (1939) 

66 

Mack cl at. (1939) 

100 

Eeid (1043) 

68 

Dunker and Fellers (1938) 

33 

Hunker and Fellers (1938) 

24 

Gleim ct al. (1944) 

62 

(Heim ct al. (1944) 

24 

Halliday and Noble (1936) 

41 

Harris and OHiver (1942) 

39 

Hollyman et al. (1944) 

57 

Hollyman et al. (1944) 

48 

Hollyman et al. (1944) 

51 

Hollyman et al. (1944) 

37 

Lampitt et al. (1943) 
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Stringless Black Valentine snap beans into four lots. Moisture and ascor- 
bic acid determinations were made within approximately two hours after 
harvesting, after holding for different periods at room temperature [25 to 
28°C.(77 to 82.4°F.) J, and in the refrigerator [2 to 9°C.(35.6 to 48.2°F.)]. 
The lots of beans which were held were packaged in one thickness of 
wrapping paper. 

Variation.^ in Amounts of Water Used and Time of Boiling: Three 
hundred-gram portions of Dark Podded Thomas Laxton peas, Bountiful 
snap beajis, and lligan soybeans were boiled in half and twice their weight 
of water for the shortest periods of time required to give tender “done^’ 
products. The vegetables were also boiled in twice their weight of water 
for twice the minimum boiling times; lengths of the boiling periods are 
given (Table 3). Two-quart aluminum pans with fitted covers were used. 
Pj-eparatory to cooking, snap beans were cut in one and ojie-half inch 
pieces, and 1,800 grams of soybeans were blanched in six quarts of boiling 
water for five minutes, cooled, and hulled. Details of the cooking pro- 
(*edure — regulation of gas burners, control of amounts of water, amounts 
of salt used, and draining and weighing of the cooked products — were 
carried out according to the mimeographed outline of Recommended Labo- 
ratory Procedures for Food Preparation and Food Preservation for the 
National Cooperative Experiment Station Project on '‘Conservation of 
Nutritive Value of Foods.” Four hundred-gram portions of Blight Re- 
sistant Savoy si)inach were cooked in three-quart aluminum ])ans with 
fitted covers in the water clinging to the leaves after washing, in half 
their w(‘ight of water, and in twice their w(‘ight of water for seven min- 
utes. In the cas(‘ of s])inach this length of time is the total cooking time 
iinduding tliat required for boiling or st(‘aming to be resumed after the 
vegetable was added. The Reconimeiuh'd Laboratory Procedures were 
modified in that one and one-half grams of salt were used when siiinach 
was cooked in the water clijiging to the leav(‘s and that all cooked samples 
wer(^ draiiH'd for three minutes and turned with a fork during the process. 
Foui‘ extractions and subsecpient determinations of ascorbic acid were made 
on all raw and cooked jiortions of these vegetables and each experiment 
was repeated four times. Two aliquots of each (‘ooking water were used 
for ascorbic acid det('rmiiiations. 

Cooking, Holding, and Reheating : Three lots of Blight R(*sistant Savoy 
s])ina(di were cooked as before in the water clinging to the h'aves. Ojk' was 
sam])led immediately after draining, while the others wei*e allowed to cool 
foj* one hour and held in covered containers in the refrigtu’ator for 23 
hours. After holding, another lot Avas sampled for as(*orbi(* aci<l deter- 
minations and the third lot Avas boiled in 100 ml. of Avatm* for one minute*, 
(lrai]i(‘(l, and sam])led. The ex|)erim(‘nt AA^as i-epeated four time's. 

A])])roximately 2,000 grams of Victoria rhubarb Ave're ])e(*le*el, cut in 
one-iii(*h ])iec('s, thoroughly mixed, and four 400-gram lots Ave're* Aveighe*el 
out. One Avas sam})led immediately, and tiio others we'iv held in the refrig- 
e*rator in e*overeel containers for short periods of time* until tlu'y Avere 
(*ooked. Four hundred grams of rhubarb Ave*re cookeel in .‘>0 ml. of Avater 
in a tAVo-ejuart, covere'd IVrex sauce])an OAcr a moel(*rately low Oaine for 
12 minute's. The* rhubarb Avas stirred occasionally Avith a glass stirring 
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T‘od which was placed through the pouring spout. At the end of the cook- 
ing jieriod the sauce was poured over 150 grams of sugar in an enamel 
bowl and the mixture was stirred three minutes to dissolve the sugar. The 
lots of cooked rhubarb were sampled at once after being allowed to cool 
for one hour and after holding in the refrigerator for 23 and 71 hours. 
This experiment was repeated four times. Preliminary to this experiment 
peeled, sliced rhubarb was hetd in covered containers in the refrigerator 
and sampled for ascorbic acid determinations before holding and after- 
one, two, and four hours. 

llednced ascorbic acid was determined by the titration method of Till- 
mans, Ilirsch, and llirsch (1932) as modified by Pessey and King (1933) 
and Pessey (193S). The detailed procedures w(‘re similar to those reported 
by Van Duyne, Chase, Petzer, and Simpson (1915) for all vegetables ex- 
cept rhubarb. Samp1(‘s of r-hnbai*b weighing 150 grams or of sauce weighing 
200 grams wei-e ground with three per cent metaphosphoric acid in the 
Wai'ing blender; the mixture was transferred to a volumetric flask and 
mad(‘ up to volume. Ascorbic acid was extracted as before from aliquots 
of this vf)lume. 


TAKUE 2 

Ascorbic Acid ('(nilciif of SfUiff liuins JllUiin Tiro Hours Afiir Jlnrvcsiiuif aud 
After TIoldnii] in licfrifjcrator and at Jioom Toupcraiarc 


Vjiii*‘ty 

of 

SllHT* 

hciilis 

i 


1 Nmiiln'r 

i 

Wflcrmi- 

iijitions 

Ascorl»ic acid 
mean and 
standard 
deviation 
of nicaTi 
fit'sli woijjclU 

Ascordir aci<l 
mean and 
sla nd.i rd 
des’iation 
of mean 
dry we i "1)1 

IJoinitiful 

Within - hours after harvesting ■ 

4 

a/f/. /'/a< 

.22±.m:i 

2.d±.i:i 


Held 2.*) hours at room tein|>(*'*ature , 

(•» 

.ld±.d0d 

1.8±:.0d 


[ Th'ld '2 hours at room temiu'vatiire and i 
‘J.'l lioiirs in refrigerator 

d 

.2o±.o()r) 

2.r»±:.07 

Stringless 

Within 2 lumrs after liarvesting 1 

1 r> 

.20±.012 

2.2±.n 

Whivk 

Held l!4 honr.s at room tem]K‘ratnre 

Id 

.1 1:+:.008 

l.dib.Oi) 

Valentine 

H(‘ld 124 hours in refrigerator 

1 (*) 

.LM)±.014 

2.d±.17 

i 

Held 4S hours in refrigerator 

H) 

.lSdi.012 

o ] o 


RESTTLTS AND DISCTTSSION 

Effect of 1IoUlin(j at Different Temperatvres: Values for the ascorbic 
acid content of freshly harvested and stored Ihiuntiful and Stringless Plack 
Valentine snap beans are given (Table 2). No significant differences were 
found between the amounts of ascorbic acid present within approximately 
two hours after picking and after holding the beans for approximately 
one or two da^’s in the refrigerator. Holding the beans at room tempera- 
ture, however, resulted in significant decreases in the ascorbic acid content. 
Compared on the dry-weight basis Pountiful snap beans lost 31 per cent 
of their ascorbic acid content and Stringless Black Valentine snap beans 
lost 30 per cent in 25 and 24 hours, respectively. After four days of 

®A difference is considered significant if it is three or more times the standard error 
of that difference. 
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storaj^c at room temperature, Peterson (1946) found that the amount of 
aseoi'bic acid present in Tendergreen snap beans had deci*eased only 20 
per cent. Zepplin and Elvehjem (1944) reported that green beans lost 
20 per cent of their ascorbic acid when held for 24 hours at room tem- 
perature and 10 per* cent if kept on the shelf in a mechanical refrigerator 
for 24 or 48 hours. Percentage losses in ascorbic acid content ranging 
from 24.4 to 30.H were found by Harris, Wissmann, and Oreenlie (1940) 
to result from three days of storage in different refrigerators. The more 
extensive work of Mack, Tapley, and King (1939) on the effect of storage 
on the ascorbic a(nd content ot* four Auirieties of snap beans held at three 
Punperatures showed that in some instances variety might be a more im])()r- 
tant factor than temperature in determining the amounts retained. llenc(‘, 
the variations in the percmitage retentions re])orted by different w^orkers 
are to be expected. 

Effect of Variations in Amounts of Water and Time of lloiJinq: Mean 
figures for the ascorbic* acid content of freshly harvested peas, snaj) beans, 
soyb(‘ans, and spinac'h ; for the asc'orbic acid content of these vegetables 
aften* cooking in different Avays; and for the perc'entage retentions of 
ascorbic ac*id in tli(‘ cooked vegetables and in the c'ooking watei’s are j)r{‘- 
scmtecl (Table 3). AVlnm 300 grams of Dark Poddc'd Thomas Laxton peas 
Avc'i'c* boiled in 130 ml. of Avater for 13 minutes, 71 i)er ccnit of the ascorbic 
acid (‘ontent Avas retained. This ])ercentage j-dention is higher than the' 
majority of figurc^s reported in the literature (Table 1). JloAveATr, it is 
com])arable to the valuers obtaincMl by Todbnntcu* and Robbins (1941'), 
wlien ])eas Avere cooked in small amounts of water, and lowcn* than tin* 
86 ptu* ccMit retention r(‘])oi*tcMl by Osen*. Melnic'k, and Dsen* (1943) for peas 
('Ook(‘d in a minimum amount of A\ater. Tn t]i(‘ ])r(‘sent study the ascorbic 
acid content of peas cooked in tAvic'c* their Aveiglit of watcu* Avas significantly 
loAver than of those l)oiled in the* smallei* amount. A fiirtlier small but 
significant decri‘as(* in tlie amount of as<M)i‘bic ac'id presemt oc(*urred Avlu*n 
the cooking time AA^as doubled. 

liountiful sna]> b(‘aiis rc‘t aim'd 7S, 66, and 36 ])er cent of the original 
asc'orbic acid content Avhen this A^egcdable aaus boiled in half its Aveight of 
Avater for 13 minutes, in tAvice its Aveight of Avater for 13 minutes, and in 
twice its weight of AA^ater for 30 minutes, res])ectively. in general, thc'se 
results are similar to those obtained by other Avorkers AAdien ccjmparablo 
('ooking practices \ATre usc'd. Ireson and Eheart (1944) found no signifi- 
cant difference between the ascorbic acid content of whole sna]) beans 
cooked for 30 minutes in 1,020 ml. of AA^ater in an open kettle and of 
those cooked for the same length of time in 40 ml. of AA^iter in a covered 
kettle. From the results obtained in the present study a greater loss in 
ascorbic, acid content would be expected when the volume of the cooking 
water Avas increased. However, details of the cooking procedure differed 
in the two series of experiments. 

Depending upon the amounts of water and the lengths of the boiling 
periods used, cooked Iligan soybeans contained 0.23 ±: 0.004, 0.16 ±: 0.002, 
and 0.14 ± 0.004 milligram of ascorbic acid per gram. The largest per 
cent retention obtained, 71 per cent when soybeans were boiled in half their 
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weight of water for 12 minutes, is lower than the 100 per cent reported by 
Reid (1943) for Jogun soybeans cooked for 25 minutes. 

Blight Resistant Savoy spinach cooked for seven minutes in the water 
clinging to its leaves after washing, in half its weight of water, and in 
twice its weight of water retained 58, 47, and 36 per cent of ascorbic 
acid, respectively. These results are similar to others reported in the 
literature. Although spinach loses a higher percentage of its ascorbic 
acid content than do peas, snap beans, and soybeans when cooked in 
comparable ways, the amounts of ascorbic acid i)resent in all samples of 
cooked spinach are greater than those in the otlier cooked vegetables. 


TABLE 4 

Effect of Cooking^ Holding^ and Echrating on A.^corbic zlcid Content of 
Sidnarh and Rhubarb 


fable 

Treatment 

Moisture 
incttti and 

slnndtird 
deviiitioM 
of nieiin 

Aseorhir acid 
content nipftn 
and standard 
d('viation of 
moan as 
dctprinijiod 

Retention 
of ascorbic 
acid in 
veffelable 
calculated 
on raw- 
weight basis 



pet. 

muJpnx, 

pet. 

Blight Bo- 

Within 2 hours uftor harvostinj? 

01.4±.24 

.00±.017 


a i stall t 

Vookod (400 gm. in water oliiiging to 




SavoA' 

loaves tor 7 min.) 


.0r)-e.012 

oS 

spiiiaoli 

('ookod, (*oolod 1 hr., -3 hr. in 





refrigerator 


.r)0±.oi3 

r>2 


Cooked, cooled 1 hr., 23 hr. in nd' rig- 

1 



erator and rtdieatcd 


.11±.00S^ 

33 ’ 

A'intoria 

Within 2 hours after harvesting j 

04.r>±.oo 

.001±.0040 


rlniharl) 

Cooked (400 gm. in 30 ml. wat(‘r for | 


! 



12 min., I oO gm. sugar added ) 


.or)0±.oo3o 

87 


C-ooked, cooled 1 hr 


.0r.7±.002S 1 

85 


(V)oked, cooled 1 hr., 23 hr. in 





refrigerator 


.000±.0027 

80 


Cooked, cooled 1 hr., 71 hr. in 





rcfriirerator i 


J .0AS:±:.0()33 

83 


^ Mean value obtained from three instead of four experiments. 


Effect of Cookiiig, Holding, and Echcaiing: The results obtained when 
Bliglit Resistant Savoy sx)inaeh and Victoria rhubarb were cooked and 
held and, in the case of spinach, reheated are given (Table 1). The mean 
value for the percentage retention of ascorbic acid when spinach was 
cooked for seven minutes in the water (dinging to the leaves was 58, the 
same value that was obtained in the previous series of experiments. There 
was a slight but significant decrease in the amount of ascorbic acid pi*esent 
when tlic cooked s])inach Avas cooled for one hour and held for 23 hours in 
the refrigerator, and only 33 per (»ent of the original amount was retained 
after reheating the cooked, held spinach. ITollyman, P»ro(lie, and Willard 
(1944) repoi-ted an av’erage loss of 64 per cent Avhen s])inach was reheat(‘(l 
for 15 minutc^s after 24 hours of refrigeration. 

In a piTlimiuary experiment rhubarb was peeled, cut into onednch 
])ieces, and divided into four 4()()-gram lots. One lot was samided imme- 
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diately and the others after holding for one, two, and four hours in the 
refrigerator. The total ascorbic acid contents of these samples were 29.14, 
29.95, 29.07, and 29.95 milligrams, respectively. Since these values are 
not significantly different, it was decided that holding the peeled, cut rhu- 
barb for short periods before cooking would not influence the final results 
of the cooking and holding study. Eighty-seven per cent of the original 
amount of ascorbic acid was retained in the sauce. The amount present in 
the sauce was not changed significantly by cooling for one hour or by 
holding for 2Jl and 71 hours in the refrigerator. The per cent retention 
on cooking is higher than that of Clague, Fellers, and Stepat (1935) but 
approximately the same as the retentions determined by Brown, Schuele, 
and Fenton (1941). It is interesting to note that holding in the refriger- 
ator resulted in no change in the ascorbic acid content of rhubarb sauce 
and a further loss of six per cent in cooked spinach. The 40-per cent 
decrease in the ascorbic acid content of potatoes on holding, reported by 
Van Duyne, Chase, and Simpson (1945), is of much greater magnitude. 

SUMMARY 

The mean values for the ascorbic acid contents of Bountiful and 
Stringless Black Valentine snap beans, determined within two hours of 
harvesting, were 0.22 dr 0.013 and 0.20 zb 0.012 milligram per gram, 
res|)ectively. The amounts ])resent were not significantly affected by stor- 
age for a])proximately one day in the refrigerator; in the case of Stringless 
Blacik V^alentine snap beans two days of refrigerator storage were without 
effect. Calculated on the dry-weight basis Bountiful snap beans, held 25 
hours at room temperature, lost 31 per cent of the amount of ascorbic acid 
originally present and Stringless Black Valentine snap beans, held at room 
temperature for 24 liours, lost 30 per cent. 

The fresh Dark Bodd(*d Tliomas Laxton peas, Bountiful snap beans, 
lligan soybeans, and Blight Resistant Savoy spinach used to study the 
effei't of variations in volume of water and in time of boiling contained 
0.24 dz 0.007, 0.24 dz 0.008, 0.31 dz 0.006, and 0.65 ^ 0.012 milligram of 
ascorbic acid per gram, respectively. When peas, snap beans, and soy- 
beans were boiled in twice their weight of water, the amounts of ascorbic 
acid retained in the cooked vegetables were significantly less than when 
the vegetables were boiled in half their weight of water. Doubling the 
cooking times significantly decreased the amounts of ascorbic acid present 
from the values obtained when the three vegetables were cooked only to 
^‘done’^ stage. Increasing the amounts of water in which spinach was 
cooked while keeping the cooking time constant, decreased the percentage 
retentions of ascorbic acid in the cooked vegetable. 

The amounts of an average daily allowance of 75 milligrams of ascorbic 
acid which could be supplied by these cooked vegetables were calculated. 
One hundred -gram portions of the peas, snap beans, and soybeans which 
had been boiled in the smaller amounts of water for the shorter lengths of 
time could supply approximately 25, 27, and 31 per cent, respectively, of 
such an allowance. Spinach cooked in the water clinging to the leaves for 
seven minutes would provide ^approximately 79 per cent in a one hundred- 
gram portion. 
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Spinach containing 0.69 ±. 0.017 milligram per gram of ascorbic acid 
retained 58 per cent after being cooked in the water clinging to the leaves 
for seven minutes; 52 per cent after cooking and holding 23 hours in the 
refrigerator ; and 33 per cent after cooking, holding, and reheating. When 
rhubarb sauce was made, 13 per cent of the ascorbic acid content w^as 
lost. The amounts present in the sauce were not affected by cooling or by 
holding in the refrigerator for 23 or 71 hours. 
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It has been suggested by Stellar and Bailey (1938) that soy flour has 
an ability to retard staling when used in bakery products, but little 
information is available to indicate the extent to which it is effective for 
this purpose. An investigation in this connection therefore seemed desir- 
able, and a study was undertaken of the comparative effectiveness of 
high-fat (20 to 22 per cent fat), low-fat (five to eight per cent fat), and 
minimum-fat (one per cent fat or less) soy flours in retarding the staling 
of plain, shortened cake. 

REVIEW OP LITPmATURE 

Numerous studies have been made in an effort to measure the degree 
of staling in baked products and to study the rate at which the process 
takes place — Platt (1930), Stellar and Bailey (1938), and Platt and 
Powers (1940). Several objective methods have been devised for meas- 
uring staling in baked products; chief among these are compressibility 
tests and grain and volume records. 

Compressihiliiy Tests: Considerable attention has been given to pieces 
of apparatus for measuring the compressibility of baked products. Bread 
and cake, for example, are quite compressible when fresh but are much 
less so as they become stale. 

One of the early devices used for compressibility measurements was 
that of Katz (1928) in which the descent of a weighted plunger, as it 
compressed the bread for a period of three minutes, was indicated by 
means of a pointer. Bailey (1930) also made measurements by allowing 
a given weight to rest on a prism of bread for a given period of time. 
About the same time, Platt (1930) made use of this same principle by 
attaching a plunger to the bottom of one pan of a large analytical balance. 
The depression of the plunger into a slice of bread was recorded by means 
of a pointer in front of a millimeter scale. 

An apparatus which has been described by King, Morris, and White- 
man (1936) is somewhat different in design but similar in purpose to 
that used by Platt. In this case, a penetrometer was used for measuring 
compressibility of the cake. The compressibility was recorded in centi- 
meters from the scale machined on the moveable post which held the disk 
used to compress the sample. 

^This paper is an abstract of the thesis submitted by Lucille B. Powers to the Gradu- 
ate School in partial fulfillment of the degree of Master of Science in Home Economics 
at the University of Illinois, June, 1945. 

‘Present address: School of Home Economics, Purdue University, Lafayette, Indiana. 

‘Present address: Frozen Food Foundation, Inc., Syracuse, New York. 
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A Russian worker, Nikolayev (1941), described a somewhat different 
kind of apparatus used for judging bread ‘‘deformation” (compressibil- 
ity). However, this method also was based on the action of a definite load 
during a stated period of time. Again, the position of the pointer on the 
measuring scale was recorded. 

Platt and Powers (1940) described still another type of apparatus 
designed by Baker which permitted the measurement of strain (compres- 
sion) at a series of stresses. 

An interesting departure from the usual methods for measuring the 
compressibility of bread was devised by Morison and Coriolis (1929), 
reported by Platt and Powers (1940). In this case, the weight used to 
compress the bread was many times that reported by any other investi- 
gator.. A prism of bread was subjected to a seven-pound weight for 15 
seconds. The weight was then removed, the bread was allowed to spring 
back towards its normal shape for 30 seconds, and the percentage of 
rebound was calculated. 

Permanent Records of Grain and Volume: Symmetry, grain, and vol- 
ume have been used to denote changes during staling of baked products. 
It is desirable to have permanent records of these properties in following 
the staling process. Photography, photographic projections, ink imprints, 
and preserved bread slices have been used for this purpose. 

Matejovsky (1938) has reported making contact prints from thin slices 
of a baked product directly upon a contrast photographic paper. Cath- 
cart (1938), by passing light through a slice of the baked product, was 
able to secure the image on photographic projection paper. Cathcart 
(1939), Heald (1929), Barrel (1930), and Platt and Kratz (1933) have 
all reported photo-records as a means of obtaining permanent records of 
baking studies, Lee (reported by lleald in 1929) devised a method of 
spraying the cut surface of bread with China White before making an 
exposure. This made the bread appear whiter, thus giving better contrast 
in the photograph. 

In some instances, ink imprints have been used instead of photographs. 
Mohs (1924) used a paste-like mixture of lamp black and oil to blacken 
the cut surface of bread. The slice was then pressed exactly like a stamp 
upon a piece of unsized paper. The resulting impression retained the 
grain-cell structure in its natural form. Child and Purdy (1926) made 
prints of cake slices using a mixture of mimeograph ink, glycerine, and 
water. Grain was easily judged by means of these ink imprints. 

Marklcy (1934), instead of using reproductions for permanent records, 
described a method whereby the bread samples themselves were preserved 
as permanent standards. 

Subjective Tests: Subjective tests have value in judging food, although 
they should not be used as the sole criterion of quality, since it is diflScult 
to control adequately all the conditions pertaining to subjective reactions. 

King (1937) has drawn attention to the numerous difficulties involved 
in obtaining a panel of judges. Freeman (1941) brought out the fact that 
even with a permanent standard it was probable that an experienced 
judge would not be entirely consistent from time to time. Knowles and 
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Johnson (1941) have pointed out, also, that since individuals vary widely 
in their likes and dislikes, as well as in their sensitivity, consistent results 
are difScult to obtain even under optimum conditions. Thus, it is evident 
that there is a need for further refinements in technique of performing 
organoleptic tests in order that the data may be more reproducible. 

EXPERIMENTAL PROCEDURE 

In this study standard cakes and cakes made with the three types of 
soy flour were rated by compressibility tests, subjective judging, and ink 
imprints. The ratings were made on the cakes while fresh and after 
definite storage periods. Results obtained from the compressibility tests 
and the subjective judging were statistically evaluated. It was necessary 
to evaluate the ink imprints subjectively. Following are the details of the 
procedure which was used. 

Preparation of Cakes: The following cake formulas (each formula 
yielding seven cakes) were used: 


Standard cake Soy-lloii r cake * 


gm. gm. 

Cake flour 375.00 318.75 

Soy flour (high-fat, low-fat, or minimum-fat) 56.25 

Sugar 336.00 336.00 

Hydrogenated fat 162.00 162.00 

Egg 201.00 201.00 

Milk 297.00 297.00 

Salt 6.00 6.00 

Baking powder 15.60 15.60 


*Tho flour used in this formula was 85% cake flour and 15% soy flour, by weijjht. 

The flour, sugar, and salt were sifted. Next, all of the cake ingerdients 
(except three tablespoons of the combined dry ingredients and the baking 
powder) were combined in an electric mixer.® The reserved dry ingredi- 
ents were mixed and added during the last few minutes of the mixing 
period. Aliquots of the batter (186 grams) were weighed into each of 
seven cake pans ( 6"x 3^4 ''x 2^/4") and baked at 176.5° C. (350° F.) for 40 
minutes. The cakes were cooled, wrapped well in waxed paper, and placed 
in 50-pound lard cans with tightly fitting lids for storage until time for 
the various tests. 

Each time that cakes were prepared one formula (yielding seven cakes) 
was made from each type of soy flour and, in addition, one formula was 
made from cake flour to serve as the standard. The three soy flours used 
throughout the study were taken from the same representative lots obtained 
at the beginning of the study. 

Compressibility Test: For use in this laboratory the authors obtained 
a compressibility apparatus of the balance type of construction similar to 
the one used by Platt (1930). This apparatus was found rather unsatis- 
factory for this cake study, since the readings were not in a definite unit 
of measurement, but instead were indicated as being so many marks to 
the right or left of the center point on a scale. There was also difficulty 

* Hobart Kitchen Aid electric mixer (Model G — three speeds). 
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in standardizing the apparatus so that the starting position was always 
the same. 

In view of these diflSculties a new type of apparatus was designed and 
constructed for the purpose of measuring the compressibility of the cakes. 
The chief improvement over some previous pieces of apparatus used for 
this purpose was that the compressibility readings were obtained in a 
definite unit of measurement (grams) and that smaller differences in 
compressibility could be measured. By changing the distance through 
which a product was compressed, the apparatus was adjustable for use 
with products having a wide range of compressibility. Tests were made 
easily and rapidly once the equipment had been adjusted to the particular 
product being studied. 

In principle the method was as follows : a slice of cake of given thick- 
ness was compressed through a given distance, and the pressure which had 
been exerted in the operation was recorded in grams. 

The degree of reproducibility of data obtained by use of this machine 
is indicated by the following figures for compressibility resulting from 
five standard (cake-flour) cakes three hours after baking: 


Cake 1 Cake 2 Cake 3 (’ake 4 Cake 5 

gin. gm. gm. gm. gm. 


Slice 1 70 69 70 68 67 

Slice 2 68 68 70 70 68 

Slice 3 66 67 68 70 6o 

Slice 4 68 69 71 70 67 

Slice 5 69 71 67 70 71 

Average 68.2 68.8 69.2 69.6 67.6 


It is interesting to note that the reading for the center slice (Slice 3) 
was often slightly lower than the readings for the slices nearer the ends 
of a given cake. This was considered as one indication that reproducible 
results were being obtained. Evidence that the method of testing was 
satisfactory was also found in the fact that the figure for the difference 
between the average readings of any two of the five duplicate cakes ranged 
from dtO.6 to ±2.0 grams. The reproducibility of readings in the above 
sets of compressibility readings is typical of that obtained throughout the 
investigation. 

Compressibility readings were taken when the cakes were 3, 24, 48, and 
96 hours old. For this purpose, cakes were sliced into three-fourths-inch 
slices by the use of a mitre box. A round metal cutter with a sharp cut- 
ting edge was used to cut a piece from each of five center slices used for 
compressibility readings, and the slices were numbered one to five from 
one end of the cake to the other. The compressibility reading for any 
given cake was the average value obtained for the five slices. Readings 
were made on a total of 16 cakes for each type of flour and at each period 
of storage. * 

Subjective Judging: The three cakes (from each batch of seven) not 
used for compressibility determinations were used for subjective judging. 
The cakes were judged on the day they were baked, also when approxi- 
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mately 24 and 72 hours old. For this test the cakes were sliced, the slices 
numbered, and the number of the slice given to any one judge was always 
the same. There were six judges throughout the experiment with an aver- 
age number of five for each judging. The judges recorded ratings of each 
cake on a score card prepared for this particular study. On this score 
card, texture, moistness, tenderness, grain, color, freshness, and general 
desirability were rated as very poor, poor, fair, good, or very good. Fla- 
vor (extent to which soya flavor was evident) was scored very pronounced, 
pronounced, definite, scarcely evident, or not evident; degree of accepta- 
bility was scored as very objectionable, objectionable, acceptable, pleasing, 
or very pleasing. 

A statistical analysis was made of the ratings of freshness and general 
desirability to determine which showed significant differences. 

Ink Imprints: Five batches of each of the four kinds of cake, baked 
and handled exactly as in the previous tests, were used fqjMihe purpose of 
making ink imprints. Before making imprints, the cake was frozen for 
24 hours in a freezing unit. By recording the imprints immediately after 
removal from the unit it was possible to obtain a fairly satisfactory picture 
since there was little loss (ff crumb from the cut surface of frozen cake. 
The cake was cut evenly in half, crosswise, by the use of a mitre box. An 
imprint was made from the cut surface of one half, jtoprints were made 
on cakes which were 3, 24, 48, 72, and 96 hours old. 

A modification of the method of Child and Purdy (1926) for making 
ink imprints was used. The ink mixture was prepared by using one-half 
mimeograph ink and one-half glycerine. A piece of blotting paper was 
cut slightly larger than the piece of cake from which the print was to be 
made, and the paper was placed on a thin piece of soft wood which was 
in turn somewhat wider and longer than the paper. With a soft brush 
as much as possible of the ink mixture was worked into the blotting 
paper. A piece of muslin was then drawn tightly over it and was held 
securely in place by thumb tacks. Finally, more ink was added. Excess 
ink on the surface was carefully avoided for this was found to result in 
an uneven print, wanting in clearness. 

The cake was placed on the blotter and pressed lightly by using a small 
board to insure evenly distributed pressure and a satisfactory imprint of 
the entire surface. The cake was transferred to newsprint on which the 
print was to be made. The sample was again pressed lightly with the board, 
making sure that every portion of the slice touched the paper. Quickly blot- 
ting the imprint with a clean blotter made a clearer print as the ink had 
no tendency to blur. After making each print the blotting surface was 
cleaned by lightly scraping the surface with a case knife. New ink was 
added as necessary but care was taken never to have an excess. 

The ink imprints were examined by three members of the foods staff 
of the Department of Home Economics. One out of the set of five series 
was chosen as representative, and this set was photographed. 

RESULTS AND DISCUSSION 

The compressibility readings of the entire study ranged from approxi- 
mately 65 to 85 grams (Table 1). It was noted that the compressibility 
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readings for the fresh cakes were approximately 65 erams, with a gradual 
increase throughout the storage period, until after 96 hours when com- 
pressibility readings of between 80 and 85 grams were obtained. 

TABLE 1 

Effect of Kind of Flout on Compressibility of Cake 


A. 3 Hours After Baking * 


Kind of flour 


Mean com- 
pressibility 
and 

standard 
deviation 
of the 
mean (16 
samples in 
all cases) 


gm. 


Cake 

Iligh-fat soy 

Low-fat soy 

Minimum -fat soy, 


67.2±0.9 

64.9±1.0 

68.1±0.9 

66.6ztl.l 


Difference between means and standard error 
of difference in compressibility according 
to type of flour 


Cake 
flour 
as basis 
for com- 
parison 

High-fat 
Boy flour 
as basis 
for com- 
parison 

Low-fat 
soy flour 
as basis 
for com- 
parison 

Minimum- 
fat soy 
flour as 
basis for 
compari- 
son 

gm. 

gm. 

gm. 

gm. 


2.3±1.4 

0.9±1.3 

0.6:tl.5 

2.3±1.4 


3.2±1.3 

1.7±1.5 

0.9d::1.3 

3.2±1.3 


1.5±1.4 

0.6±:1.5 

1.7±1.5 

1.5±1.4 



B. 24 Hours After Baking^ 


Cake 

76.2-+-1.0 


2.8±1.4 

0.8-+-1.5 

1.1-+-1.5 

High'fat soy 

73.4-+-1.0 

2.8-i'1.4 

2.0±1.5 

1.7-+-1.4 

Low- fat SOY 

7o.4±l.l 

0.8±1.5 

2.0 ±1.5 

0.3±l.r) 

Minimum-fat soy 

7r>.l±:1.0 

i.i±i.r> 

1.7±1.4 

0.3±1.5 


C. 48 Hours After Baking * 


Cake 

79.9±1.1 

77.3-4-1,2 


2.r)±1.6 

0.2±1.7 

2.8±1.8 

1.2±1.4 

1 .4-4-1 Ti 

High-fat soy 

2.6-4-1.6 

Low-fat soy 

80.1-4-1.3 

0.2H-1.7 

2.8-4-1.8 

1.4±1.6 

Minimum-fat sov 

7S.7-4-1 0 

1 2-+-1 4 

1 .4-4-1 .,5 

i.4±i.r) 


D. 96 Hours After Baking * 


Cake 

84.9-4-1.1 


2.7±1.4 

0.0±1.9 

1.2±1.8 

High-fat soy 

82.2-4-0.9 

2.7±1.4 

0.0-I-1.9 

2.7±1.8 

1.5±1.7 

1.2±2.1 

Low-fat soy 

84.9-4-1.5 

2. 7-4-1. 8 

Minimum -fat soy 

83.7±1.4 

1.2±1.8 

i.r>±L7 

1.2±2.1 


^Approximately; in no case was the difference significant. 


The particular interest in compressibility tests has been to determine 
whether there is a significant difference (three or more times the standard 
error between the standard cake and any of the soy-flour cakes at dif- 
ferent periods after baking. 

Comparing the results on this basis, it was noted that the differences in 
compressibility of the standard product and the three different types of 
soy-flour cakes between three and 24 hours were statistically significant. 


*Snedecor, George W., Statistical ^fethodSj 1937. 
Standard deviation of the mean: 

SX: 




\N(N-1) 

Standard error of ^he difference: 


V 


(SXO’-}-(SXs)» 
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However, in no case was the difference between 24 and 48 hours or between 
48 and 96 hours significant. 

Using this same basis of comparison the effect of the kind of flour on 
compressibility of the cakes was considered. The data all showed, accord- 
ing to the type of flour, no significant differences in 3, 24, 48, or 96 hours 
after baking. 

According to the results of subjective ratings for freshness (Table 2) 
all of the cakes staled to such an extent from one period to another that 
there were statistically significant differences between periods for each 
type of flour. The ratings for general desirability are not x>resentcd in 
this paper, but the amount of change in this quality from one period to 
another followed the same pattern as for freshness with one exception, 
namely, that the low-fat soy flour cake showed no significant difference 
between three and 24 hours of storage. 


TABLE 2 

Effect of Kind of Flour on Freshness of Cake as Bated Subjectively 


A. 3 Hovbs Aptkb Baking*^ 


Kind of flour 


Cak« 

High-fat soy 

Low-fat soy 

Mill iaiuTn- fat soy 


Moan 
score and 
standard 
deviation 
of moan * 


4.99±.01 

4.98^.01 

4.99±.01 

4.97±.0a 


Difference between means and standard error 
of difference in subjective rating: according 
to type of flour 


Cake 
flour as 
basis 
for com- 
parison 

High -fat 
soy flour 
as basis 
for com- 
parison 

Low-fat 
soy flour 
as basis 
for com- 
parison 

Minimum- 
fat soy 
flour as 
basis 
for com- 
parison 


.01±.02 

.00±.02 

.02±.10 

.01:±.02 


.01±.02 ! 

.01±.04 

.00it:.02 

.01 ±.02 


.02±.04 

.02±.10 

.01±.04 

.02±.04 



B. 24 Hours After Baking** 


Cakfi 

;i.88-+-.or) 


.12-1-.09 

.18>+-.10 

.43 -+-.10 

High-fn,t sov 

3. 76-^ .07 

.12-H.09 1 


.06-1-.12 

.31-f-.ll 

Low-fa.t, MOV 

3.70±.09 

.18±.10 

.or)±.i2 


.25±.13 

Miniipum-fat soy 

3.4.1i±.09 

.43±.10 

.3i±.n 

.2r)±.i3 



0. 72 Hours After Baking** 


Cake 

2.2()-+-.73 


.12-+-.01 

.11 -+-.14 

.37-+-.01 

High-fat soy 

2.3S-+-.74 

.12-+-.10 


.23-+-.14 

.49-+-.10 

Low-fat sov 

2.ir)±.12 

.11±.14 

.23±.14 


.26±.14 

Miniinum-fat soy 

1.89±.69 

.37±.01 

.49±.10 

.2G±.14 



* Approximately. ^ None of the differences is significant. * Out of a possible score of five. 
* Tlie cake-flour product is significantly better than the minimum-fat soy flour product. '•The cake- 
flour and the high-fat soy flour products are significantly better than the minimum-fat soy flour 
product. 


In a comparison of the staling for the three types of cake it was found 
that at three hours after baking all the cakes had about the same fresh- 
ness rating. At the end of 24 hours the cake-flour product was rated sig- 
nificantly fresher than the minimum-fat soy flour cake. Even though the 
mean scores of the high-fat and low-fat soy flour cakes were lower than 
the mean score of the cake-flour product, the differences were not statis- 
tically significant. Thus, in all possible comparisons the only significant 
difference was that found between the cake-flour product and the minimum- 
fat soy flour product. 
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By 72 hours after baking, the cakes made from cake flour and high-fat 
soy flour, respectively, were both significantly fresher than the cakes made 
from minimum-fat soy flour. Here again, the low-fat soy flour cakes were 
not significantly staler than the cake-flour product though they were not 
significantly fresher than the minimum-fat cakes. 

Differences in general desirability ratings, according to the type of flour 
used, showed the standard cake to be significantly more desirable than 
any of the soy-flour cakes at the end of three and also 24 hours after 
baking; however, at the end of 72 hours the cake-flour products were no 
longer significantly more desirable than the low-fat soy flour cakes and 
both the cake-flour and the high-fat soy flour cakes were significantly more 
desirable than the minimum-fat soy flour cakes. 

After noting differences in the general desirability and freshness rat- 
ings on the score cards it was not considered necessary to make a statistical 
analysis of the texture, moistness, tenderness, grain, color, flavor, and degree 
of acceptability ratings. It seemed advisable, however, to give the judges 
an opportunity to supplement their score-card records by comments on 
general impressions gained concerning the effect of soy flour in fresh and 
stored cakes. In these comments the judges reported that the texture and 
grain of the soy-flour cakes when fresh were not as smooth and velvety as 
in the standard product. When fresh, no difference was evident between 
the moistness of the standard cake and of the soy-flour cakes. Little dif- 
ference was apparent between the tenderness of the standard and that of 
the soy-flour products. The color of the soy-flour cakes, though somewhat 
darker than that of the standard, was not dark enough, as a rule, to be 
objectionable. The flavor of soya was fairly distinct and, while not always 
undesirable, was not considered altogether pleasing. 

When the stored cakes were compared in a similar fashion, it was indi- 
cated that soy flour caused no improvement in texture, and varied com- 
ments with regard to moistness were made. Some judges felt that the soy- 
flour products seemed to retain moisture better than the standard cakes, 
but others reported little difference on this basis. The general opinion was 
that after five days, the soy-flour cakes and the standard were similar in 
tenderness. The grain of the soy-flour cakes, on the whole, seemed to become 
rather coarse in comparison with that of the standard. The color of some 
soy-flour cakes deepened more than the color of the standard ones, but 
considerable difference was evident between different soy-flour products. 
The soy-flour flavor became particularly evident in some products, so much 
so as to make them rather objectionable, but in others the flavor was quite 
pleasant. 

Most of the judges felt that the results of the use of soy flour in cake . 
were rather disappointing. Two judges felt that the soy-flour cakes which 
they considered the best retained a “richness’’ of quality which the plain 
cake on storage for several days did not possess. However, they were not 
able to indicate the particular characteristic contributing to the quality 
they referred to as “richness.” In general, the judges felt there did not 
seem to be any consistent effect of soy flour on the staling process. 

A study of the ink impHnts of the different cakes at various storage 
periods (Pig. 1) revealed some interesting features regarding the grain of 
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the cakes. On the whole, the soy-flour cakes were very similar to the stand- 
ard ones when compared in three hours and also 24 hours after baking. 
At the end of 48 hours all of the cakes, including the standard, were slightly 
coarser than at 24 hours. After 72 hours a change in grain was very evi- 
dent. The cakes were compact in part and coarse in part, resulting in a 
very uneven texture. After observing the ink imprints the judges were 
of the opinion that the minimum-fat soy flour cakes became coarser than 
the other cakes between 48 and 72 hours. The low-fat soy flour cakes ap- 
peared very compact 72 hours after baking, and at the end of 96 hours they 
had become quite coarse. After 96 hours the soy-flour cakes, in general, 
were coarser than the standard products. 

In the opinion of the judges the ink imprints as reproduced (Fig. 1) 
give a fairly satisfactory picture of the grain of the products as they actu- 
ally appeared. This set is typical of all five sets examined by the judges. 

CONCLUSIONS 

Compressibility readings for fresh cakes were approximately 65 grams 
with a gradual increase throughout the storage period of 96 hours, at which 
time readings of between 80 and 85 grams were obtained. 

The greatest change in compressibility readings of the cakes took place 
between three and 24 hours after baking. The kind of flour used had no 
differential effect on compressibility of the cakes 3, 24, 48, or 96 hours 
after baking. 

Evidence that the method of testing compressibility gave reproducible 
data is found in the fact that the figure for the between-the-average read- 
ings of any two of the five duplicate cakes ranged from ±0.6 to ±2.0 grams. 

All of the cakes staled to such an extent from one test i)eriod to another 
that the differences in the subjective ratings for the different periods were 
statistically significant for each type of flour when compared with its rating 
for a previous or succeeding period. In general, the amount of change in 
general desirability followed the same pattern as for change in freshness, 
as rated by the subjective ratings. 

Three hours after baking all of the cakes were rated subjectively as 
having about the same degree of freshness. By 72 hours after baking, 
according to the subjective ratings, the cakes made from cake flour and 
those made from high-fat soy flour were both significantly fresher than the 
cakes made from the minimum-fat soy flour. However, the low-fat soy flour 
cakes were not significantly staler than the cake-flour product nor fresher 
than the minimum-fat soy flour cakes^ 

In general, the judges felt there-did not seem to be any consistent effect 
of soy flours on the staling process of cakes. The difference in the quality 
of cakes made from different soy flours made it difficult for the judges to 
give impressions between the soy-flour cakes as a group and the standard 
cakes. Most of the judges felt that the use of soy flour gave rather 
disappointing results. 

A study of the ink imprints of the different cakes at various storage 
periods revealed some interesting features regarding the grain of the 
cakes. On the whole, the soy-flour cakes were very similar in grain to the 
standard cakes when compared three and 24 hours after baking. The 
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minimum-fat soy flour cakes became coarse more rapidly than the other 
cakes. After 96 hours the soy-flour cakes, in general, were coarser than 
the standard cakes. 

SUMMARY 

It was considered desirable to undertake a study of the value of dif- 
ferent types of soy flour in retarding staling of cakes. Representative 
samples of low-, minimum-, and high -fat soy flours were chosen for study. 
By weight, approximately 15 per cent of the total flour in the cakes was 
soy flour and the remainder cake flour. 

Each time the cakes were prepared one formula (seven cakes) was made 
from cake flour and from each of the three types of soy flour. After the 
cakes were cooled and wrapped in waxed paper they were stored in cans 
with tightly fitting lids. After definite storage periods cakes were judged 
by several tests. 

Of the various methods generally available at present for measuring 
the rate of staling, compressibility tests, ink imprints, and subjective judg- 
ing of the cakes have been included in this investigation. 

For use in this laboratory, a new type of compressibility apparatus was 
designed and constructed. Compressibility readings as affected by each 
type of flour were obtained from a total of 16 batches of cakes. A statisti- 
cal analysis was made of the compressibility readings to determine which 
results showed significant differences. 

The three cakes (from each batch of seven) not used for compressibility 
determinations were used for subjective judging on the day they were 
leaked and when approximately 24 and 72 hours old. A statistical analysis 
was made of the freshness and general desirability ratings to determine 
which ratings showed significant differences. 

Five batches of the four types of cake were baked especially for the 
purpose of making ink imprints. One cake from each batch was placed in a 
freezing unit when 3, 24, 48, 72, and 96 hours old. After 24 hours in the 
freezing unit the cake was removed and ink imprints were recorded imme- 
diately. The complete set of ink imprints (five series) was examined; one 
series out of the set of five was chosen as representative of the set and 
this series was photographed. 
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The fat content of the soy flours being manufactured at present varies 
from less than one to more than 20 per cent, and the question has been 
raised as to whether the fat in the high-fat soy flours is effective as a 
shortening agent in baked products. Some processors have stated that 
the fat does not serve effectively as a shortening agent, and they have 
recommended that it be removed from the flour and used more profitably 
for other purposes. However, the value of the fat in the soy flour when 
it is used in batters and doughs needs to be investigated before such state- 
ments can be accepted. This study was undertaken in order to determine 
whether the fat which is present in soy flours functions as a shortening 
agent in pastry. 

REVIEW OP LITERATURE 

Soy flours are usually classified according to their fat content as (1) 
full-fat soy flour, containing all of the fat of the soybean, (2) low-fat 
soy flour, containing four to eight per cent fat, and (3) minimum-fat soy 
flour, containing less than one yier cent fat. 

From the standpoint of baking quality the chief interest in the fat of 
the soy flour is 'with regard to its effectiveness as a shortening agent. 
Workers are not in agreement as to its value for this purpose. In personal 
communications with the authors, several workers have commented on this 
subject. One such worker has stated that the fat in full-fat soy flour is not 
effective as a shortening agent. In another communication, the opinion 
has been expressed that the. fat in full-fat soy flour has an appreciable 
shortening action. Since the shortening effect was greater than can be 
accounted for by the fat in the flour, it was suggested that the lecithin 
present increased the shortening action by promoting a more even distri- 
bution of the fat. According to Tremple (1944), approximately 75 per 
cent of the oil of the full-fat soy flour is available for shortening; and 
when this type of soy flour is used, the amount of shortening in the formula 
may be reduced by an amount equal to one-sixth of the weight of the soy 
flour. Gabel and Sunderlin (1945) found that the fat in soy flours con- 
taining 5, 15, and 22 per cent fat exerted a shortening action in pastry 
made from soy flour, fat, and water. They reported that the fat in two 
extracted soy flours containing five and 15 per cent fat had approximately 
the same shortening value as equivalent amounts of plastic fats. 

^An abstract of a thesis submitted to the Graduate School in partial fulfillment of 
the requirements for the degree of Master of Science in Home Economics at the Uni- 
versity of Illinois, 1945. 

* Present address: Frozen Food Foundation, Inc., Syracuse, New York. 
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Also in a personal communication, one worker states that some of the 
fat in the full-fat soy flour is tied up in the cells of the flour and may not 
be available for shortening purposes. This statement suggests that a 
microscopic examination of pastry dough made from a blend of wheat 
and soy flour might show a characteristic manner of fat distribution in 
the dough. Microscopic examinations of batters and doughs reported to 
date have apparently been confined to problems concerning cakes and 
breads; methods for microscopic studies of pastry dough need to be 
developed. 

EXPERIMENTAL PROCEDURE 

Pastry wafers prepared from wheat flour and from blends of 80 per 
cent wheat flour and 20 per cent soy flour were used to determine the 
effect of the type of soy flour on the breaking strength of the wafers. 
The soy flours used in this investigation were obtained from one processor. 
This particular processor manufactures four types of soy flour and refers 
to them as full-fat, high-fat, low-fat, and minimum-fat soy flours. 

The fat content of the wheat flour and of each of the soy flours used 
in preparing the wafers was determined by the official A.O.A.C. (1940) 
direct method for the crude fat or ether extract of cereals. The results 
reported are averages of three determinations. 

The wafers for the breaking-strength study were prepared according 
to the following formulae : 


Ingredient 


Wheat-flour Wheat- and 

pnHtry soy-flour pastry 


Wheat flour 

Koy fl(»ur 

HydrogeiiaUd fat, 

Water 

Gluten 

Salt 


gw.. 

gw. 

307.0 

245.6 


61.4 

133.2 

133.2 

lOu.O 

105.0 

10.0 

10.0 

6.0 

6.0 


Ill the preliminary tests wafers containing 20 per cent of the flour by 
weight as soy flour had average breaking strengths of seven to eight ounces. 
It was felt that higher breaking strength values w^ould allow a greater 
range in the breaking strengths of the wafers made from the different 
flours. Dry gluten was prepared in the laboratory by the method of Aitken 
and Qeddes (1938) and added to the dry ingredients used in the doughs. 
The breaking strengths of the wafers were significantly increased thereby 
in all cases. 

In preparing the wafers the ingredients were combined as follows: 
The fat was mixed for two minutes at low speed in a Kitchen-Aid mixer. 
The machine was stopped, the sides of the bowl were scraped down with 
a rubber scraper, and the mixing was continued for three minutes longer. 
During the creaming of the fat the dry ingredients were sifted once and 
‘‘tabled,’’ a;s described by Fales (1925) for the sampling of powdered 
materials for quantitative analysis. The mixer was stopped and the con- 
tents of the bowl were scraped down. Approximately one-third of the dry 
ingredients was added to the fat in the bowl, and 35 grams of water were 
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placed in an oil dropper attached to the mixer. The dry ingredients and 
the fat were mixed at low speed for 40 seconds, the water being added 
gradually during the first 30 seconds of mixing. The contents were again 
scraped down, the remainder of the dry ingredients added, and mixed 
at low speed for 50 seconds. Seventy grams of water were added from the 
oil dropper during the first 40 seconds of final mixing. 

The dough was shaped into a ball, wrapped in wax paper, and stored 
in a refrigerator for two hours. It was divided into four parts for rolling 
and was hand-rolled between wax paper to a thickness of one-eighth inch 
as regulated by pastry gauges. It was then rolled between wax paper 
through a hand-model clothes wringer, using metal gauges one-sixteenth 
inch thick to control the thickness. It was cut into wafers three and 
one-fourth by one and five-eighths inches. The wafers were pricked to 
prevent blistering, and baked on an aluminum baking sheet in a gas 
oven at 204.4°C. (400°F.) for nine minutes. They were cooled on wire 
cake racks for two hours, and the breaking strengths were then measured 
on the Bailey shortometer. 

Each type of pastry was prepared 11 times, and from 16 to 20 wafers 
were prepared from each batch of dough. In all, the breaking strengths 
of approximately 200 wafers of each type of pastry were determined. 

Microscopic sections of raw pastry dough were prepared by the follow- 
ing method: Raw samples of pastry approximately one millimeter square 
and one and one-half millimeters thick were embedded in 10 per cent 
gelatin, incubated on a warming plate at 45°C.(113°P.) for two hours, 
and placed in the refrigerator overnight. A gelatin block containing a 
pastry sample was cut from the bed, and frozen sections 15 microns thick 
were prepared with the sliding microtome. The sections were stained in 
Sudan IV solution for five minutes and then mounted in Kaiser’s glyc- 
erin jelly. The staining solution and the glycerin jelly were made accord- 
ing to Krajian’s (1940) directions. Examination of the sections under the 
microscope at a magnification of 150 X revealed that the fat was stained 
an intense red color. Photomicrographs of a few sections were prepared 
at this magnification. The portion stained with Sudan IV appears black 
in the finished photomicrograph. 

RESULTS AND DISCUSSION 

The average figures for the fat content of the full-fat, high-fat, low-fat, 
and minimum-fat soy flours were 21.55, 12.06, 6.21, and 0.57 per cent, 
respectively. The fat content of the 'vy^heat flour was 0.69 per cent, a value 
slightly higher than that for the minimum-fat soy flour. These values 
were used to calculate the amount of total fat in each type of pastry 
dough prepared in the breaking-strength study. The amount of total fat 
was the sum of the weight of the hydrogenated fat and the fat in the wheat 
and soy flour ; the calculated amount of total fat in each of the doughs is 
shown (Table 1). 

The results of the breaking-strength study are also reported (Table 1). 
The breaking strengths of the wafers made from wheat flour and from 
each of the blends of wheat and soy flour were analyzed statistically in 
order to determine if the differences in breaking strength were significant. 
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The mean breaking strength of the wheat-flour wafers was signifi- 
cantly higher than the breaking strength of wafers made from each blend 
of wheat and soy flour in turn. This indicated that substitution of soy 
flour for 20 per cent of the wheat flour in the pastry formula lowered 
significantly the breaking strength of the wafers. Bohn and Favor (1944) 
have reported that a blend of small amounts (three per cent) of full-fat 
soy flour with wheat flour did not change the character of the Farinograph 
curve, but that higher amounts (20 per cent) showed a decrease in the 
strength of the wheat- and soy-flour blend. 

The mean breaking strengths of the wafers made from the blends of 
wheat and soy flours were analyzed statistically in order to determine 
whether the type of soy flour caused a significant difference in the breaking 
strength of the wafers. The mean breaking strengths of the wafers made 
from the wheat and full-fat soy flour blend and those from the wheat 
and high-fat soy flour blend were both significantly lower than the mean 
breaking strengths of the wafers made from the wheat and low-fat soy 
flour blend and from the wheat and minimum-fat soy flour blend. On the 
other hand, the difference between the mean breaking strengths of the 
wafers made from the wheat and low-fat soy flour blend and the wheat 
and minimum-fat soy flour blend was not significant, nor was the differ- 
ence between the mean breaking strength of the wafers made from the 
wheat and full-fat soy flour blend and that of those made from the wheat 
and high-fat soy flour blend significant. 

These differences in breaking strength indicate that the use of full-fat 
and high-fat soy flour in pastry increased the shortness of the wafers. The 
differences in the fat content of the soy flours resulted in differences in 
the amount of total fat in the pastry doughs prepared from the blends 
of wheat and soy flour and was probably responsible for the differences 
in the mean breaking strengths of the wafers. However, other variations 
in the composition of the soy flours may also have affected the breaking 
strengths of the wafers. 

The chief contribution of the microscopic part of this investigation has 
been the development of a satisfactory method of preparing sections of 
raw pastry dough stained to show fat. A limited study was made of the 
distribution of the fat in each of the pastry doughs prepared in the break- 
ing strength study but relatively few sections were prepared. Examination 
of the sections failed to show definitely a characteristic distribution of the 
fat in any type of dough. Examination of a large number of sections 
prepared from different parts of the dough and from many experimental 
batches of dough would be necessary before conclusions could be drawn 
as to the manner of the fat distribution in the different doughs. 

Photomicrographs of the sections of raw pastry dough are presented 
(Fig. 1) to illustrate the results which were obtained by the histological 
method which was developed. (For reproduction in this paper the photo- 
micrographs were reduced to approximately one-third of their original size, 
hence the resulting magnification is approximately 50 times.) An effort 
was made to select for photography fields which were considered typical 
for each of the doughs. It should be stated, however, that the appearance 
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of the fields varied widely among the different sections prepared from 
each of the doughs. 

SUMMARY AND CONCLUSIONS 

Pastry wafers were prepared from wheat flour and from blends of 
wheat flour and each of four types of soy flour in turn : full-fat, high-fat, 



MINIMUM- TAT SOV FLOUR LOW FAT SOY FLOUR 



HIGH -FAT SOY FLOUR FULL -FAT SOY FLOUR 


Fig. 1. Pastry doughs prepared from wheat and soy flours. Fat stained with Sudan 
IV. Magnification X 50. 


low-fat, and minimum-fat soy flour. The breaking strengths of these 
wafers were measured by the Bailey shortometer and used to determine 
the effect of. the type of soy flour on the breaking strength of the wafers. 
The fat content of the soy flours and of the wheat flour was determined, 
and the amount of total fat in each of the doughs used in preparing the 
wafers was calculated. 
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The resulting breaking strengths of the wafers from each type of flour 
were analyzed statistically to determine whether the difference in the 
mean breaking strengths were significant. The mean breaking strength 
of the wafers made from wheat flour was significantly higher than the 
values for the wafers made from each blend of wheat and soy flour in 
turn. The mean breaking strengths of the wafers made from blends of 
wheat and full-fat soy flour and from wheat and high-fat soy flour were 
significantly lower than the mean breaking strengths of wafers made from 
the wheat and low-fat soy flour blend and the wheat and minimum-fat soy 
flour blend. The differences in the mean breaking strengths of the wafers 
made from the wheat- and soy-flour blends indicated that the use of full-fat 
and high-fat soy flour in pastry increased the shortness of the wafers. 

A satisfactory method was developed for the preparation of microscopic 
sections of raw pastry dough. Frozen sections 15 microns thick were 
prepared and stained with Sudan IV to show fat, and photomicrographs 
of some of these were prepared. The limited number of microscopic sec- 
tions included has not warranted definite conclusions concerning the 
manner of the fat distribution in the pastry dough made from wheat 
flour and from blends of wheat and soy flours. 
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Except for the data collected in the current nutrition program spon- 
sored by the National Canners Association and the Can Manufacturers 
Institute outlined by Pilcher and Clark (1946), Clifcorn (1946), and Esty 
(1946), little recent information on the vitamin contents of commercially 
canned foods has appeared in the literature since the pioneer studies of 
Kohman and Eddy and their associates (1937). 

The data presented and discussed in this report represent a survey car- 
ried out prior to the N.C.A.- C.M.I. program on the thiamin and ascorbic 
acid values of market samples of canned peas which make up a considerable 
portion of the annual canned vegetable production. Samples were obtained 
which were representative of the production of all of the important pea- 
canning sections of the country. Also shown are a number of values for 
the thiamin and ascorbic acid contents of raw peas grown in one of the 
major pea-canning areas. The same samples were also analyzed for cal- 
cium, magnesium, and the proximate components; the data obtained were 
the subject of an earlier paper by Alexander, Sallee, and Taylor (1943). 

The investigation was limited to the study of thiamin and ascorbic acid 
for several reasons. First, the determinations of both ascorbic acid and 
thiamin by chemical methods are relatively rapid and may readily be 
adapted to field work. Second, the two nutrients studied are probably the 
most labile of the better known factors; and their water solubility, the 
susceptibility of ascorbic acid to oxidation, and the sensitivity of thiamin 
to heat make a study of these two a particularly good index of the probable 
over-all vitamin retention. Third, peas are a reasonably good source of 
both thiamin and ascorbic acid, consequently the detection of significant 
variations is well within the precision of the methods employed. 

TIITAMIN AND ASCORBIC ACID IN RAW PEAS 

This study of the thiamin and ascorbic acid values of raw peas was 
carried out in order to obtain data which would reveal the extent to which 
variations of these values in the raw stock might be reflected in the con- 
centrations of these two nutrients in the canned product. The samples 
were obtained from one of the major pea-canning sections of Wisconsin 
and were analyzed in a field laboratory to avoid the difficulties associated 
with the transportation of fresh samples. Samples of the Alaska or early, 
smooth-skinned peas and of several varieties of the sweet or wrinkled types 
were analysed. The survey was repeated during each of two consecutive 
seasons. 

Sampling: A sample of, approximately 50 pounds of freshly vined peas 
was separated by hand sieving into as many sieve-size fractions as possible. 
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Each size grade was washed in cold water and the broken peas removed. 
After washing and draining, representative samples were removed for 
analysis. Each analysis was carried out in duplicate. 

Analysis: The nature of the studies reported, as well as the scope of 
the project undertaken, made it necessary to use chemical methods for the 
estimation of the vitamins. All analyses for thiamin were made using a 
thiochrome method based on that of Hennessey (1941). Ascorbic acid was 
determined using a titrimetric method modified from that of Bessey and 
King (1933). 

TABLE 1 


Average Thiamin and Ascorbic Acid Contents of Haw Peas 


Variety 

Sieve size 

Thiamin^ 

1 Ascorbic acid ^ 

1941 

1942 

1941 

1942 

Alaska 

1 

mg./ 100 gm. 
.24 

mg./ 100 gm. 

mg./ 100 gm. 
39 

mg./ 100 gm. 


2 

.28 

.27 

32 

60 


3 

.31 

.35 

27 

50 


4 

.34 

.36 

27 

46 

Pride 

2 

.37 

.28 

31 

64 


3 

.42 

.33 

29 

66 


4 

.41 

.34 

23 

48 


5 

.46 

.39 

21 

46 


6 

.47 

.39 

22 

43 


7 

.... 

.41 


38 

Profusion 

3 

.30 


21 



4 

.31 

.35 

17 

22 


T) 

.33 

.35 

16 

20 


1 6 

.33 

.39 

17 

16 


7 

.37 

.44 

16 

16 

Perfection 

1 

.34 


33 



2 

.34 

.28 

28 

33 


3 

.39 

.29 

27 

32 


4 

.49 

.30 

25 

33 


5 

.52 

.34 

21 

30 


6 

.57 

.40 

20 

26 

Pennin 

4 


.40 


25 


5 

.... 

.45 


21 


6 


.50 


17 


7 


.53 


17 

Alderman 

4 

.38 


28 



5 

.40 


25 

.... 


6 

.45 


23 



7 

.45 

.... 

21 



^Average of duplicate determinations. 


Discussion: Results of the analyses of raw peas (Table 1) show that 
the most significant variable is that of sieve size. The thiamin values 
increase with increasing sieve size and the ascorbic acid values decrease. 
There were no marked dilferences between varieties and no significant 
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differences which might be attributed to seasonal variations. The data 
demonstrate, however, that variations in the raw canning stock are great 
enough to account for the wide ranges actually observed in the thiamin 
and ascorbic acid values of the canned products. The values for ascorbic 
acid in the 1942 samples of Alaska and Pride varieties are significantly 
higher than those found for comparable samples in 1941. This variation 
in content of nutrients in raw canning stocks has been repeatedly noted 
by workers in this field. The higher values obtained suggest that an over- 
all increase in the vitamin contents of raw vegetables through improved 
plant breeding, selection, and cultural methods might be affected. 

THIAMIN AND ASCORBIC ACID VALUES OP CANNED PEAS 

The primary object of the survey of canned peas was to establish the 
ranges for thiamin and ascorbic acid contents of canned peas as they reach 
the consumer. 


TABLE 2 


Food Inspection Data on Canned-Pea Samples 


Can 

size 

Number 
of cans 
examined 

Vacuum 

(mercury) 

Headspace 

Net weight 

.1 

Drained weight 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 



in. 

in. 

in. 

in. 

nz. 

02. 

oz. 

oz. 

303 X 406 

41 

0 

16 

7/32 

11/32 

16.9 

17.5 

9.8 

11.8 

307 X 409 

66 

0 

13 

6/32 

16/32 

20.2 

21.7 

12.1 

15.0 

404 X 700 

7 

0 

12 

0/32 

17/32 

50.9 

.53.1 

32.3 

34.1 

603 X 700 

15 

0 

11 

7/32 

17/32 

110.8 

114.3 

69.9 

79.4 


Sampling: Samples were chosen which represented all of the major 
pea-canning districts of the country. Peas of different varieties, sieve sizes, 
and quality grades packed in containers of the more commonly used sizes 
were included. The survey included samples from two consecutive pack- 
ing seasons. The major portion of the samples was of the conventionally 
canned type, but also included were a number of samples canned by a 
relatively new pea-canning procedure — Blair (1940) and Blair and Ayres 
(1943). This procedure, known in the trade as the ‘ * Blair process, con- 
sists essentially of the use of mild alkaline reagents to hold the peas at a 
slightly elevated pH level during the process. A second essential part of 
the procedure is the application of a high temperature in the thermal 
sterilization. The duration of the heat treatment is materially shortened 
yet still produces the same sterilizing effect. The combination of these 
two points of departure results in a marked increase in the retention of 
the natural chlorophyll content of the raw peas. In order to obtain sam- 
ples with known histories, case lots were obtained either directly from 
canners* stocks or from wholesalers* warehouses. 

Analysis: At least two cans of each lot were opened for analysis and 
the vacuum headspace and fill were recorded at the time of opening. These 
values all fell within normal commercial limits as shown by the data 
(Table 2). The brine an/i drained peas were weighed and analyzed sep- 
arately, all analyses being carried out in duplicate. 
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TABLE 3 


Thiamin and Ascorbic Acid in Commercially Canned Peas 


TJ, 

process 

Variety 

Sieve 
size and 
quality 

Can 

Hize 

Year 

packed 

Locale 

Number 

cans 

analyzed 

Average 

fchiamin 

content 

Average 

ascorbic 

acid 

content 

Conventional 

Alaska 

Fancy No. 3 

307x409 

1940 

Central 

3 

mg./ 
100 gm. 

.13 

mg./ 
100 gm, 

13 

(Conventional 

Alaska 

Fancy No. 3 

303x40() 

1940 

Central 

2 

.09 

12 

(Conventional 

Alaska 

Fancy No. 3 

307x409 

1940 

Atlantic 

3 

.08 

10 

Conventional 

Alaska 

Fancy No. 3 

307x409 

1941 

Central 

2 

.09 

8 

Conventional 

Alaska 

Fancy No. 3 

303x406 

1941 

Central 

3 

.10 

12 

Conventional 

Alaska 

Fancy No. 3 

307x409 

1941 

Atlantic j 

2 

.09 

9 

Conventional 

Alaska 

Extra Std.No.3 

603x700 

1940 

Central 

2 

.09 

10 

(Conventional 

Alaska 

Extra Std.No.3 

603x700 

1941 

Central 

3 

.09 

12 

(Conventional 

Alaska 

Standard No. 4 

603x700 

1940 

Central 

2 

.11 

11 

(Conventional 

Alaska 

Standard No. 4 

307x409 

1940 

Central 

3 

.09 

10 

(Conventional 

Alaska 

Standard No. 4 

307x409 

1940 

Atlantic 

3 

.09 

9 

(Conventional 

Alaska 

Standard No. 4 

307x409 

1941 

Ontral 

2 

.12 

9 

(Conventional 

Alaska 

Standard No. 4 

603x700 

1941 

Central 

3 

.09 

11 

(Conventional 

Alaska 

Standard No. 4 

303x406 

1941 

(!?cntral 

2 

.11 

9 

Conventional 

A laska 

Standard No. 4 

307x409 

1941 

Atlantic 

o 

.07 

9 

Blair 

Alaska 

Fancy No. 4 

303x406 

1941 

Central 

4 

.10 

9 

Blair 

Sweet 

Fancy No. 3 

303x406 

1940 

Central 

4 

.10 

9 

Blair 

Sweet 

Fancy No. 3 

404x700 

1940 

Central 

3 

.11 

9 

(Conventional 

Sweet 

Fancy No. 4 

307x409 

1940 

Central 

3 

.12 

8 

(Conventional 

Sweet 

Fancy No. 4 

(503x700 

1940 

Central 

3 

.13 

12 

(Conventional 

Sweet 

Fancy No. 4 

307x409 

1940 

Central 

3 

.12 

10 

Conventional f 

Sweet 

Fancy No, 4 

307x409 

1940 

Pacific 

3 

.11 

11 

Blair 

Sweet 

Fancy No. 4 

303x406 

1940 

Central 

4 

.11 

10 

Blair 

Sweet 

Fancy No. 4 

303x406 

1940 

Pacific 

4 

.11 

13 

(Conventional 

Sweet 

Fancy No. 4 

307x409 

1941 

Central 

2 

.12 

9 

(Conventional 

Sweet 

Fancy No. 4 

307x409 

1941 

(Vntral 

3 

.13 

11 

(Conventional 

Sweet 

Fancy No. 4 

307x409 

1941 

Atlantic 

3 

.15 

8 

Conventional 

Sweet 

Fancy No. 4 

307x409 

1941 

Atlantic 

2 

.13 

8 

Conventional 

Sweet 

Fancy No. 4 

307x409 

1941 

Atlantic 

o 

.11 

8 

Conventional 

Sweet 

Fancy No. 4 

307x409 

1941 

Pacific 

0 

" 1 

.11 

13 

Blair 

Sweet 

Fancy mixed 

303x406 

1940 

Central 

3 

.12 

8 

Blair 

Sweet 

Fancy mixed 

303x406 

1940 

Central 

3 

.11 

7 

Blair 

Sweet 

Fancy mixed 

303x406 

1941 

Central 

4 

.10 

10 

Blair 

Sweet 

Fancy mixed 

303x406 

1941 

Central 

4 

.13 

10 

Blair 

Sweet 

Fancy mixed 

303x406 

1941 

Central 

4 

.13 

13 

Blair 

Sweet 

1 Fancy mixed 

404x700 

1941 

Central 

4 

.10 

It 

Conventional 

Sweet 

Standard No..') 

307x409 

1940 

Central 

3 

.11 

8 

(Conventional 

Sweet 

Standard No. 5 

603x700 

1940 

Central 

2 

.07 

6 

(^nventional 

Sweet 

Standard No. 5 

307x409 

1940 

Central 

3 

.12 

8 

Conventional 

Sweet 

Standard No. 5 

307x409 

1941 

Central 

3 

.10 

8 

Conventional 

Sweet 

Standard No. 5 

307x409 

1941 

Central 

2 

.13 

7 

Conventional 

Sweet 

Standard No. 5 

307x409 

1941 

Atlantic 

3 

.12 

8 

Conventional 

Sweet 

Standard No. 5 

307x409 

1941 

Atlantic 

4 

.08 

12 

Conventional 

Sweet 

Standard No. 5 

307x409 

1941 

r^acific 

3 

.11 

6 

Conventional 

Sweet 

Standard No. 5 

307x409 

1941 

Atlantic 

2 

.11 

7 
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Discussion: Results of these analyses are shown (Table 3) ; the can-size 
designation, shown in both Table 2 and Table 3, is the can manufacturer's 
designation and refers to the nominal can dimensions. The first number 
refers to the diameter, the second to the height; the 307x409 can, com- 
monly known as the No. 2, is nominally 3%6 inches in diameter and 
4% 6 inches high. The geographic locations shown as Atlantic, Central, 
and Pacific include the northeastern states in the Atlantic division; the 
states of Minnesota, Wisconsin, Illinois, and Indiana in the Central divi- 
sion; and the northwestern states in the Pacific division, including some 
areas where irrigation is commonly employed. 

The analyses of solids and brine were made separately and the values 
reported have been calculated to show the vitamin values based on the 
entire contents of the can. In accord with the findings of Brush, Hinman, 
and Halliday (1944, 1945), it was found that the concentrations of these 
water-soluble nutrients were approximately the same in both the solid and 
liquid portions of the container. In general, about one-third of the total 
amount of either ascorbic acid or thiamin contained in the can was to be 
found in the brine. 

The same wide variation in the thiamin and ascorbic acid contents of 
canned peas that has been reported by Pressley, Bidder, Smith, and Cald- 
well (1944) and Ives, Wagner, Elvehjem, and Strong (1944) as a result 
of work in the N.C.A.- C.M.I. nutrition program, was apparent in the 
present study. The data also suggest that none of the factors studied show 
any significant correlation between variety, growing locality, quality grade, 
or size of container. Differences that do exist are no greater than differ- 
ences which have been found to exist between raw canning stocks. Canned 
peas packed by the Blair process were found to fall within the ranges of 
thiamin and ascorbic acid contents established for conventionally canned 
peas. 
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Between September 1, 1943, and January 1, 1945, 5,410 samples of 
high-moisture (four to six per cent), spray-dried whole-egg powder manu- 
factured for Lend-Lease shipment were examined for Escherichia colL 
The samples were obtained from 94 dehydration plants located in 26 states. 
Plate and direct microscopic count and Salmonella studies on samples of 
this group and on others collected during the same time interval have been 
reported by McParlane, Watson, Sutton, and Kurman (1947) and Solowey, 
McParlane, Spaulding, and Chemerda (1947). 

The test for E. coli was selected in preference to the less specific test 
for the coliform-aerogenes group because E. coli is considered a typical 
fecal species, Parr (1939) and Griffin and Stuart (1940). Its presence in 
foods and beverages is generally accepted as evidence of fecal contamina- 
tion. It is in itself an undesirable contaminant, but more significant is the 
fact that it serves to warn the bacteriologist that other enteric organisms — 
typhoid, dysentery, and genera responsible for food poisoning and gastro- 
enteritis — may be present. The same portals of entry to the product arc 
available to all of them. 

As Hunter (1939) pointed out . there are numerous food products, 
both simple and compound, in which there is no valid reason for the pres- 
ence of coliform bacteria under normal conditions. On the other hand, 
we may recognize the limitations imposed upon an interpretation of the 
presence of coliform bacteria in products such as garden vegetables, eggs, 
and dairy products in general.’’ This is a reasonable appraisal. Shell 
eggs soiled with chicken feces, barnyard manure, humus, and other types 
of dirt were and still are accepted by the government and by the trade as 
marketable edible products provided they otherwise conform to the official 
U. S. standards for quality of individual shell eggs. At the time of this 
investigation storage eggs, vStale current receipts, washed dirty, light dirty, 
and even some dirty and leaker eggs were among those broken out for 
dehydration. The best breaking-room technics lessened but did not prevent 
entry into the liquid egg of bits of fecal material, soiled shell, and other 
detached debris. Shell-egg washing and sterilizing procedures, when they 
were practiced, removed the gross dirt but rarely if ever accomplished 
surface sterilization. There was and still is no satisfactory test for quickly 
determining the presence of organisms which have already penetrated the 
shells of eggs unless organoleptically perceptible changes have occurred 
in {he meats. 

^ This investigation was carried on in co-operation with the Poultry Branch, Produc- 
tion and Marketing Administration, U. S. Department of Agriculture, Washington, D. C. 
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Our knowledge of the kind of shell eggs being dried, of plant housing 
conditions, of sanitary practices, and of processing methods prompted our 
belief that most of the liquid egg produced under commercial conditions 
in 1943-1944 contained E, colL The question was whether E. coli survived 
the spray-drying process. DeBord (1925) observed . a big reduction 
in the total number of viable bacteria, and in some cases a complete loss of 
the colon-aerogenes group, during the drying process. Technical changes 
have been made in spray-drying processes since DeBord ’s iiivestigations. 
Moreover, in order to meet 1943-1944 IT. S. Government purchase specifi- 
cations for egg powder, operators had to use higher grades of raw material 
(cur rent receipts, storage and frozen eggs) than had been required in 1925 
and in the still earlier years of the egg-dehydration industry. 

No formal standards' for bacterial content were incorporated in the 
1943-1944 U. S. Government purchase specifications. The industry was 
asked, however, to co-operate in manufacturing powder having an E. coli 
count less than 1,000 per gram (absent from 0.001 gram of powder). This 
unofficial tentative standard corresponded to the 1943 Canadian standard 
for Grade B powder, Johns (1944). The Canadian standard for Grade A 
powder required that E. coli be absent from 0.01 gram. 

The purposes of this investigation were to determine the over-all inci- 
dence and degree of E. coli contamination in samples of high-moisture, 
spray-dried wholc-egg powder; to determine effects of season, region, and 
age of samples; and to determine whether any correlation exists between 
the incidence of E, coli and the plate and direct counts, and between the 
incidence of E, ^coli and the incidence of Salmonella. 

EXPERIMtlNTAL PROCEDURE 

E. coli determinations were made according to a modification of the 
tentative American Public Health Association procedure (1941). The 
initial 1 :10 dilution was prepared by uniformly suspending 11 grams of 
well-mixed sample in 99 ml. of sterile physiological saline. Serial dilutions 
were prepared, and measured quantities containing 0.1, 0.01, 0.001, and 
0.0001 gram of dried egg were inoculated into lactose broth fermentation 
tubes. All lactose broth cultures showing gas at the end of 24 hours at 
37° C. (98.6° F.) were streaked on Levine/s eosin methylene blue agar 
(Difeo). Cultures negative for gas in 24 hours but positive in 48 hours 
were likewise streaked on EMB agar. After 24 hours’ incubation at 37°C., 
the plates were examined for typical E. coli colonies, Levine (1918). Fur- 
ther identification of typical colonies was not made. Suspicious colonies 
were restreaked on EMB, and isolates were subjected to confirmatory 
tests — indol, methyl-red, Voges-Proskauer, Koser’s sodium citrate, and 
Eijkman. 

RESULTS 

E. coli was isolated from 51 per cent of the samples of spray-dried 
whole-egg powder> It was isolated from the 1:10 dilution (0.1 gram) of 
powder in 1,266 (23 per cent) samples; from the 1:100 dilution (0,01 
gram) in 1,028 (19 per cent) samples; from the 1:1,000 dilution (0.001, 
gram) in 418 (eight per cent) samples; and from the 1:10,000 dilution 
(0.0001 gram) in 71 (one per cent) samples. Samples positive in the 
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TABLE 1 


Incidence of E. coli in Egg-Powder Samples, by Plants 


Plant 

No. 

Number 

samplea 

examined 

Samplee positive in one 
or more dilutions 

Number of samples from which E. coli 
was isolated in dilution of 

1:10 

1 : 100 

1 : 1000 

1:10,000 

1 

69 

10 

pet, 

14.5 

4 

3 

3 


2 

141 

54 

38.3 

27 

18 

8 

1 

3 

57 

28 

49.1 

20 

7 

1 

.... 

4 

44 

29 

65.9 

10 

12 

6 

1 

5 

79 

54 

68.4 

17 

23 

11 

3 

6 

225 

141 

62.7 

59 

62 

17 

3 

7 

52 

14 

26.9 

12 

1 

1 

.... 

8 

53 

28 

52.8 

12 

11 

4 

1 

9 

60 

28 

46.7 

12 

13 

3 

.... 

10 

54 

37 

68.5 

21 

11 

5 

.... 

11 

89 

66 

74.2 

26 

29 

10 

1 

12 

65 

22 

33.8 

10 

8 

3 

1 

13 

528 

373 

70.6 

170 

341 

45 

17 

14 

121 

74 

61.2 

34 

21 

17 

2 

15 

62 

40 

64.5 

14 

16 

9 

1 

16 

82 

34 

41.5 

20 

13 

1 

.... 

17 

171 

77 

45.0 

41 

29 

7 

.... 

18 

121 

25 

20.7 

17 

6 

2 

.... 

19 

73 

41 

56.2 

13 

14 

11 

3 

20 

64 

39 

60.9 

15 

15 

9 

.... 

21 

176 

82 

46.6 

44 

23 

34 

1 

22 

153 

63 

41.2 

30 

28 

4 

1 

23 

99 

46 

46.5 

9 

21 

13 

3 

24 

209 

98 

46.9 

42 

42 

14 

.... 

25 

213 

111 

52.1 

59 

42 

9 

1 

26 

59 

32 

54.2 

13 

15 

4 

.... 

27 

160 

107 

66.9 

40 1 

48 

16 

3 

28 

118 

68 

57.6 

22 

34 

9 

3 

29 

79 

24 

30.4 

17 

6 

1 

.... 

30 

106 

40 

37.7 

25 

15 

.... 

.... 

31 

58 

29 

50.0 

17 

30 

2 

.... 

32 

94 

53 

56.4 

16 

22 

10 

5 

33 

44 

20 

45.5 

11 

8 

1 

.... 

34 

73 

8 

11.0 

7 

.... 

3 

.... 

35 

43 

15 

34,9 

9 

2 

4 


36 

47 

24 

51.1 i 

16 

5 

2 

1 

37 

166 

106 

63.9 

45 

38 

22 

1 

38 

48 

24 

50.0 

]6 

5 

3 


39 

37 

26 

70.3 

11 

30 

5 

.... 

40 

63 

37 

58.7 

28 

9 


.... 

41 

68 

34 

50.0 

17 

7 

10 


42 

87 

73 

83.9 

24 

27 

20 

2 

43 

78 

43 

55.1 

10 i 

1 12 

14 

7 
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higher dilutions were not always positive in each of the lower dilutions. 
Approximately 91 per cent of the samples met the War Food Administra- 
tion (WFA) unofficial tentative standard, that is, E. coli was absent in 
0.001 gram of egg powder. 

hicidence of E, coli in Samples of Egg Powder, by Plants: Ninety of 
the 94 plants contributed E. eoh-positive samples. The four plants which 
did not contribute any positives forwarded very few samples — four, 16, 
three, and two, respectively. E. coli findings for 43 plants for which 
plate- and direct-count distribution ranges were published, McFarlane 
et al. (1947), are given (Table 1). Percentages of contaminated samples 
for individual plants in this group i*anged from 11 to 84 per cent. E. coli 
was isolated from 50 per cent or more of the samples examined from each 
of 25 listed plants. 


TABLE 2 


Incidence of E. coli in Egg-Powder Samplcfi, by Months 


Month 

Number 

plants 

contrib- 

uting 

samples 

Number 

samples 

examined 

Samples positive 
in one or more 
dilutions 

Number of samples from which E. coli 
was isolated in dilution of 

1 : 10 

1 : 100 

1 : 1000 

1 ; 10.000 

1943 




pet. 





Sept 

14 

118 

32 

27.1 

13 

12 

.1 

1 

Oct 

29 

217 

147 

67.7 

.18 

.16 

29 

4 

Nov 

29 

323 

188 

.18.2 

98 

52 

31 

7 

Dec 

29 

■ 215 

104 

48.4 

58 

32 

11 

3 

1944 









Jan 

r>8 

321 

149 

46.4 

76 

51 

20 

2 

Feb 

1 

o 


.... 



.... 

.... 

March 

o3 

21 2 

38 

17.9 

29 

8 

.... 

1 

April 

6:1 

.131 

1 22 

23.0 

76 

37 

6 

3 

May 

68 

.166 

176 

31.1 

109 

52 

12 

3 

June 

6S 

.167 

23.1 

41.4 

116 

90 

24 1 

.1 

July 

63 

.123 

280 

.13..1 

130 

i 102 

43 

5 

Aug 

6:1 

604 

403 

66.7 

175 

167 

.14 

8 

Sept 

64 

47.1 

3.1.1 

74.7 

133 

150 

60 

12 

Oct 

.19 

380 

290 

7 6.3 

98 

125 

57 

10 

Nov 

41 

ooo 

1.18 

71.2 

56 

59 

41 

o 

Dec 

27 

134 

]06 

79.1 

41 

35 

2.1 

5 

Total 

94 

.1.410 

2.783 

51.4 

1,266 

1.028 

418 

71 


Incidence of E. coli in Samples of Egg Powder, by Months: Monthly 
variations in the incidence of E. coli contamination are shown (Table 2). 
In 1944 it increased progressively from 18 per cent in March to 79 per 
cent in December, with the exception of a slight drop in November. Com- 
parative data were not obtained for February. The degree (density) of 
E, coli contamination as indicated by the more frequent isolation of E. coli 
from the higher (1 :1000 and 1:10,000) dilutions was greater in the late 
summer and fall months. There was little i^arallelism in trends in 1943 
and 1944 during the months of September, October, November, and Decem- 
ber. High shell-egg production in 1944 and overtaxed cold storage and 
freezing storage facilities may partially account for the differences noted 
in the two years. 
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There is good reason to believe that changing climatic conditions may 
have been only secondarily responsible for the seasonal trends. A com- 
parison of the data (Table 2) with Bureau of Agricultural Economics 
monthly figures (1943-1944) for the sources of liquid egg used for drying 
reveals a close correlation between the incidence and degree of E, coli 
contamination and the kind of liquid egg dried. That is, the incidence 
and degree of E. coli contamination in the samples increased as the per- 
centage of the storage shell- and frozen-egg liquid dried increased. 

TABLE 4 


Incidence of E. coli in Egg-Fowder Samples According to Age 


Age 

Number 

samples 

examined 

Samples positive in 
one or more dilutions 

NumlK*r of samples from which E. coli 
was isolated in dilution of 

1:10 

1 : 1 00 

1 : ] 000 

1:10,000 

daim 

o 

8 

4 

pet. 

1 

1 

1 

1 

3 

62 

38 

61.3 

12 

11 

11 

4 

4 

207 

121 

58.5 

4S 

43 

27 

3 

T) 

492 

280 

56.9 

101 

111 

57 

11 

i\ 

842 

457 

54.3 

195 

194 j 

66 

o 

7 

936 

500 

53.4 

239 

182 

66 

13 

8 

689 

353 

51.2 

175 

120 

44 

8 

9 

637 

276 

51.4 

127 

96 

46 

7 

10 

398 

188 

47.2 

98 

64 

20 

6 

11 

307 

129 

42.0 

54 

50 

21 

4 

12 

221 

98 

44.3 

54 

30 

12 

2 

13 

137 

59 

43.1 

31 

19 

8 

1 

14 

65 

27 

41.5 

14 

13 

0 

0 

If) 

30 

13 

43.3 

7 

6 

0 

0 

16 

42 

17 

40.5 

7 

8 

1 

1 

17 

33 

9 

27.3 


4 

0 

0 


Incidence of E. coli i7i Samples of Egg Powder, hy V. S, Divisions: 
Most of the egg-dehydration plants were located in the midwestern area 
of the United States, and most of the samples examined came from there. 
For this reason, E. coli findings were summarized (Table 3) only for the 
three midwestern divisions — East North Central, West North Central, and 
South Central. Egg-powder samples from the South Central Division 
showed a slightly higher incidence and a slightly higher degree of E, coli 
contamination. The incidence, in per cent, for each of the three divisions 
was South Central, 59 ; East North Central, 50 ; and West North Central, 
45. The mean ages in days of samples received from each of the divisions 
in the order just given were 8.9, 8.2, and 7.5, respectively. 

Incidence of E, coli According to Age of Egg-Powder Samples: Egg- 
powder samples whose ages could be determined were grouped according 
to their age in days. Their mean age was 8.3 days. E. coli findings for the 
two- to 17-day groups are summarized (Table 4). In general, the older the 
age group the lower the incidence and degree of E, coli contamination in 
the sampled within the group. The percentage of samples contaminated 
ranged from 61 for the three-day to 27 for the 17-day group. There were 
110 samples ranging in age^from 18 to 43 days. E, coli was isolated from 
35 per cent of them. 



TABLE 3 

Incidence of E, coU in Egg-Powder Samples Beceived From East North Central^ 
West North Central, and South Central Diiusions of United States 
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Relationship Between Bacterial Counts and E, coli Content: Plate and 
direct microscopic counts were grouped according to the degree of E. coli 
contamination in the samples; arithmetical averages for the groups are 
given (Table 5). Plate-count averages varied directly and direct-count 
averages inversely with the degree of E. coli contamination.^ These rela- 
tionships remained in evidence when the counts were similarly grouped 
and averaged for each of the midwestern divisions. They were consider- 
ably less regular when the calculations were limited to the findings for a 
single dehydration plant. In fact, in individual plant studies where rela- 
tively few samples were involved, it was seldom possible to detect an 
orderly relationship between the magnitude of the direct-count averages 
and the degree of E, coli contamination. 


TABLE 6 

Incidence of Salmonella in Egg-Powder Samples According to Degree of 
E. coli Contamination 


Samples 

E. eoH 
negative 
all 

dilutions 

E. coli 
positive 

1 ; 10 

E. coli 
positive 

1 : 100 

E. coli 
positive 

1 : 1000 

E. coli 
positive 

1 : 10,000 

Total 

Number examined 

2,185 

1,015 

838 

331 

61 

4,430 

Number of Salmonella -f.... 

589 

359 

374 

165 

28 • 

1,515 

Per cent Salmonella -h 

27.0 

35.4 

44.6 

49.8 

1 45.9 

34.2 


Treatment of the data in terms of the WFA unofficial tentative plate- 
count and direct-count standards encouraged in 1943-1944, and in terms 
of those incorporated in the 1945 purchase specifications, reveals the com- 
parative incidence of E. coli contamination in samples which met each of 
the standards and in those which did not. There were 4,313 samples which 
had plate counts less than 300,000 organisms per gram. Forty-nine per 
cent of them were E. coil positive. Of the 1,097 samples whose plate counts 
were greater than the standard, 60 per cent were E. coli positive. Direct 
counts were available for only 5,147 of the samples. There were 3,775 
samples with direct counts less than 10,000,000 organisms per gram and 
1,372 with direct counts greater than that number. In both groups of 
samples 53 per cent were E. coli positive. This percentage relationship 
showed little change when the higher (1945) direct-count standard was 
used as a basis for grouping. There were 4,235 samples with direct counts 
less than 15,000,000 organisms per gram and 912 with direct counts greater. 
Fifty-three per cent of the samples whose direct counts were less than the 
standard were E. coli positive. Forty-nine per cent of the samples whose 
direct counts were greater than the standard were E, coli positive. 

Relationship Between E. coli arid Salmonella Contamination: Data 
were available, Solowey et al. (1947), on the incidence of Salmonella in 

* Omission from tho caleulntions of rijiiit No. 2(Vs unusually liijjli counts, McFar- 
lano et al. (1,947), would not have materially elianj?ed the over all picture (Table 5), 
excoT>t to have made the relationships even more apparent. Tluj plate-count averages 
would have become 221,000, 256,000, 285,000, 356,000, and 501,000 and the direct-count 
averages 16,200,000, 13,600,000,* 11,600,000, 11,100,000, and 7,500,000 organisms per 
gram, respectively. 
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4,430 of the egg-powder samples examined for E. coli. Salmonella was 
isolated from 589 E. coK-negative and from 926 E. co?t-positive samples. 
Data show that the higher the degree of E. coli eontamiiiation in the sam- 
ples, through the 1:1000 dilution, the higher the percentage of samples 
that contained Salmonella (Table 6). Gibbons and Moore (1944) also 
isolated Salmonella from E. coii-negative powders. They did not detect 
any relation between the degree of coliform or E. coli contamination and 
the presence of Salmonella organisms. 

The frequency distribution of 14 of the more commonly isolated Sal- 
monella types in relation to the degree of E. coli contamination in the 
egg-powder samples is shown (Table 7). More than half of the isolations 
of S. pullorum^ S, senftenherg, S. newington, and london were made 
from E, coit-negative samples. 

TABT.E 7 


Isolations of Salmonella Types Arranged According to Degree of E, coli 
Contamination in Egg-Powder Samples 


i 

SalmoneUa type 

E. coli 
nei^tive 
all 

dilutions 

j 

E. coli 
positive i 
1:10 

E. coH 
positive 
1:100 

E. coli 
positive 

1 : 1000 

B. coli 
positive 

1 : 10,000 

Total 

number 

isolations 

Pullorum 

200 

78 

81 

25 

4 

388 

Oranienburg 

94 

74 

99 

46 

8 

321 

Montevideo 

74 

31 

39 

23 

5 

172 

Tennessee 

43 

32 

34 

18 

2 

129 

Anatum 

42 

29 

28 

18 

2 

119 

Bareilly 

23 

18 

11 

9 

1 

62 

Typhimurium 

18 

10 i 

10 

12 

2 

52 

Meleagridis 

15 

10 i 

10 

3 

.... 

38 

Newport 

4 

12 

9 

3 

1 

29 

Senftenherg 

18 

5 

2 

1 

1 

27 

Give 

9 

9 

8 


.... 

26 

Newington 

' 16 

5 

3 

1 

1 

26 

London 

11 

5 

4 


.... 

20 

Derby 

8 

7 

4 


1 

20 

All others 

34 

40 

46 

17 

3 

140 

Total 

609 

365 

1 388 

176 

31 



* liolations of two Salmonella types were made from some samples. 


DISCITS8I0N OP RESULTS 

Factors affecting the general microbial quality of the siiray-dried whole- 
egg powder examined have been discussed in preceding papers of this 
series. 

The observation that the magnitude of the plate-count averages varied 
directly with the degree of E. coli contamination of the samples (Table 5) 
was not entirely unexpected. Correlation between the plate counts and 
the presence of coliform organisms has been noted by Bartram and Black 
(1937) in raw milk, by Martin, Nelson, and Caulfield (1940) in commercial 
ice creams, and by Schneiter, Bartram, and Lepper (1943) in frozen eggs. 
Johns (1944), on the other hand, reported, '‘The determination of coliform 
organisms or of E. coli in egg powder has not been found particularly 
helpful.’* He did not note any close parallel between total counts and the 
presence of coliform organisms or of E. coli. It is true that in so far as 
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the individual sample is concerned a high plate count may not mean a 
high degree of E. coli contamination or even that E. coli cells are present. 
Data for a large number of E. coii-positive samples in this investigation, 
however, demonstrated a close parallel between the magnitude of the 
plate-count average and the degree of E, coli contamination. This is 
understandable, since both tests determine estimates of numbers of viable 
cells. The correlation between the plate counts and the E, coli findings 
would probably have been greater had the contamination always been 
entirely attributable to the initial quality of the raw material. 

Neither a low nor a high direct count was any assurance that a given 
sample of egg powder was contaminated with E. coli. The inverse rela- 
tionship noted in the over -all study between the magnitude of the 
direct-count averages and the degree of E. coli contamination of the sam- 
ples may be explained by faulty processing technics, which favored the 
development of other bacterial species. Under such circumstances the 
E, coli cells initially present might die or at least become increasingly 
difficult to demonstrate as cells of other microbial species increased. A 
preponderance of paired cocci was seen on inspection of the stained films 
prepared from high-count samples. Johns and Berard (1945) have stated, 
“High microscopic counts due to the eggs themselves are largely, if not 
entirely, made up of rod forms ; those due to faulty plant practices, on the 
other hand, are usually made up mainly of paired cocci, resembling the 
picture obtained in souring milk.^^ 

A comparison of findings for the three midwestern divisions disclosed 
that samples of egg powder from the South Central Division had the 
lowest plate-count average, McParlane et al. (1947) ; the highest incidence 
of Salmonella contamination, Solowey et al. (1947) ; and the highest inci- 
dence and degree of E. coli contamination. It is possible a higher per- 
centage of shell eggs produced in the South Central Division were soiled 
with feces because of outdoor feeding and nesting. In addition, tempera- 
ture and humidity in the South may have been more favorable for the 
survival of enteric organisms. It is also possible that Salmonella and 
E. coli were more readily isolated from the South Central Division samples 
because of their lower bacterial counts. 

The fact that Salmonella was isolated from E. coK-negative as well as 
from E. coZi-positive egg-powder samples once again emphasizes the limita- 
tions of the E. coli test in determining the presence or absence of other 
enteric organisms. 

SUMMARY 

E. coli was isolated from 51 per cent of 5,410 samples of high-moisture 
(four to six per cent), spray-dried whole-egg powder. Approximately 91 
per cent of the samples met the War Food Administration unoflScial tenta- 
tive standard, that is, E. coli was absent in 0.001 gram of egg powder. 
Eleven to 84 per cent of the samples examined from 43 dehydration plants 
were E. coli positive. With the exception of a slight drop in November, 
there was a progressive increase — 18 to 79 per cent — in the monthly inci- 
dence of contamination frpm March through December, 1944. Increases 
in the monthly incidence closely paralleled increases in the percentage of 
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the storage shell- and frozen-egg liquid dried. Fifty-nine per cent of the 
samples examined from the South Central Division of the United States, 
50 per cent from the East North Central Division, and 45 per cent from 
the West North Central Division were E, coli positive. The incidence of 
contamination was lower in samples in the older age groups, ranging from 
61 per cent for the three-day to 27 per cent for the 17-day group. The 
degree (density) of E. coli contamination varied in the same manner as 
the incidence. 

When bacterial counts were grouped according to the degree of E, coli 
contamination in the samples, their plate-count averages varied directly 
and their direct -count averages inversely with the degree of E. coli 
contamination. 

The E, coli test was of little value in determining the presence or 
absence of Salmonella, Salmonella organisms were isolated from 589 
E, coZi-negative and from 926 E, coZi-positive samples. 
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The adequacy of methods used in the commercial freezing industry for 
cooling fruits and vegetables following blanching (or scalding) and even 
the blanching treatment itself has been questioned by Magoon and Cul- 
pepper (1924), Diehl, Campbell, and Berry (1936), Williams (1945), 
Cruess (1946), and Woodroof, Atkinson, Cecil, and Shelor (1946). Many 
other investigators have studied the results of blanching practices in con- 
nection with canning and dehydration. While it is well recognized that 
prompt and complete cooling is necessary for the retention of vitamins, 
other nutritive elements, and/or flavor, Tressler (1938), the effect upon 
desirable qualities of the product of the method of accomplishing this aim 
is not known. Investigations in this field usually have not differentiated 
between losses obtained in blanching and those in subsequent cooling. 
Severe leaching losses are physiologically possible only after death of the 
cell and are expected to be greater in later stages of blanching and during 
cooling. Cooling after blanching may be done with running water (refrig- 
erated or not), water sprays, fog or mist sprays, by air blast, or combina- 
tions of these methods. In most commercial operations fluming with cold 
water is used to cool as well as to convey the product to the inspection belts. 
In fluming, leaching of considerable quantities of soluble nutrients occurs 
with certain products, particularly cut or diced fruits. Air cooling has 
been suggested by Joslyn and Cruess (1929), Joslyn (1942), and Cruess 
(1946) as a more desirable procedure. Engineering difficulties and slower 
cooling with air have retarded extensive use of air-blast cooling. 

The data presented in this paper were collected in the laboratory and 
in several frozen food-processing plants for the purpose of obtaining in- 
formation on the actual losses occurring under different conditions of 
blanching and cooling. Some data on cooling rates under several conditions 
is presented. 

In making these studies, considerable thought was given to a suitable 
reference base for use in expressing the experimental results. Several 
different approaches were used. The results, therefore, are expressed in 
several ways, as indicated in the text. If the changes are expressed on the 
wet basis, errors may be introduced : (1) by dilution with variable amounts 
of moisture adhering to the samples, (2) by changes in composition owing 
to differential solution of various constituents, and (3) by weight changes 

^ On a scholarship from Association of Professional Agriculturists of the Province 
of Quebec. ♦ 

•Present address: Gerber Products Company, 801 98th Avenue, Oakland, Calif. 
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occurring in the processed material, Adam and Stanworth (1941) and 
Wager (1946). If losses in soluble solids are expressed as per cents of 
the total dry matter, error arises through the fact that the dry matter is 
itself not constant, since the soluble material whose loss is being studied 
makes up part of the total dry matter. Therefore, changes expressed as 
percentages of dry matter maj^ cause the losses to appear smaller than 
the actual. At the outset it seemed reasonable to assume that the water- 
insoluble solids of the plant tissues would be constant at all stages of 

processing, and that, therefore, a decrease in the ratio could 

insoluble solids 

be regarded as an adequate measure of loss of soluble solids during proc- 
essing. This was found to be a useful basis for vegetables, such as spinach 
and asparagus, in which the insoluble solids represent approximately half 
of the total solids; but for fruits, which have a much smaller proportion of 
insoluble solids, this ratio may not reliably represent the processing losses. 
In such products the insoluble solids appeared to be lost at the same rate 
as the soluble solids. This effect may have been caused by changes in 
moisture content at the various processing stages or by actual changes in 
the physical state of the plant tissues. While these studies were in progress 
Lee’s (1945) report suggesting use of alcohol-insoluble solids as a reference 
base appeared and some of our more recent results have been expressed on 
this basis. 


EXPERIMENTAL PROCEDURE 


The samples used for analysis were either prepared in the laboratory, 
using blanching and cooling procedures which simulated the commercial, 
or through the generous co-operation of several commercial packers, were 
taken directly from the processing lines at appropriate points. Bach figure 
given ill the tables represents the average of from two to six samples. The 
samples were frozen in tightly sealed containers and kept frozen until 
analyses could be made. They were then either allowed to thaw and come 
to room temperature in tightly sealed containers to avoid changes in 
moisture content during thawing or they were ground at — 17.8°C,(0°P.) 
in a Ruswin fine-bladed food chopper. A few series of vegetable samples 
were ground in a Waring blendor by adding the frozen material to a 
suitable volume of water. (It was not necessary to know the proportion of 

. « soluble solids 

water since it would have little effect upon the ratio of : — x 

insoluble solids). 


Total solids were determined by drying to constant weight at 70° C. 
(158°F.) in a vacuum oven. Soluble solids were estimated from the refrae- 
tometer readings on the liquids prepared by filtering or squeezing the 
macerated sample through several layers of cheesecloth. These were ex- 
pressed as per cent of sucrose on the assumption that the chief component 
was sugar and that the refractive index was not altered by changes in 
composition during treatment. The insoluble solids were calculated as the 
differences between total and soluble solids. Alcohol-insoluble solids were 
determined by weighing 20 grams of the well-macerated sample into a 
600-ml. beaker covered with a watch glass, simmering for 30 . minutes in « 
80 per cent alcohol, and otherwise proceeding as described in the A.O.A.C. 
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(1945) method for water-insoluble solids (Section 26.7). Ash was deter- 
mined by the official A.O.A.C. (1945) method (Section 34.9). Reduced 
ascorbic acid was determined on some of the samples by titration with 
suitable aliquots of a 40-gram sample blended in fresh one per cent meta- 
phosphoric acid, with 2,6 dichlorophenolindophenol. 

EXPERIMENTAL RESULTS AND DISCUSSION 

A typical laboratory experiment in which a leafy vegetable, spinach, 
was blanched and cooled under various conditions is presented (Table 1). 


TABLE 1 

Comparimn of Effects of Several Blancliin(j and Cooling Procedures on 
Losses of Soluble Solids From Spinach ^ 


Blanching treatment 

Cooling treatment 

Ratio 

solid solids 
insoluble solids 

Percentage 
loss of solu- 
uble solids 
relative to 
insoluble 
solids 

None (control) 

None 

l.Of) 


Steam blanch (90 sec.) 

Air cooled 

0.90 

9.5 

Steam blanch (90 sec.) 

II 2 O cooled (2 min.) 

0.H3 

20.9 

Steam blanch (90 sec.) 

H«0 cooled^ (3 min.) 

0.82 

21.9 

Steam blanch (90 sec.) 

TTaO cooled^ (4 min.) 

0.78 

25.7 

Water blanch (212'’F., 60 sec.) 

Air cooled 

0.75 

28.5 

Water blanch (212"F., 60 sec.) 

Water cooled” (2-4 min.) 

0.69 

31.4 


^ Data represent average-s of two or more laboratory experiments. ® Running water. 


For each experiment, 500 grams of fresh spinach was blanched and cooled 
as described in the table. The losses are expressed as percentage loss of 
soluble solids, with insoluble solids as the reference base. 8team-blanched, 
air-cooled spinach lost approximately 10 per cent, while water cooling 
increased the loss to 20 or 25 per cent, depending upon the time the 
material was allowed to remain in the water. When water blanching was 
used, the method of cooling had little effect upon the total losses. Tt is 
also interesting to note that the losses from steam-blanched spinach cooled 
in running water were lower than those from water-blanched spinach. 

The problem of accurately expressing processing losses may be ap- 
proached in another way, exem])lified in the data (Table 2), Tn this 
laboratory experiment the unavoidable and variable changes in moisture 
content which result from the several processing steps were taken into 
account by starting each experiment with a known weight (300 grams) 
of clean, air-dry, fresh spinach. This was then processed by the particular 
procedure described and weighed again. After freezing and grinding (at 
0°F.) and thoroughly mixing the entire sample, aliquots were taken for 
analysis. The calculations were made to express the total weight of the 
particular constituent in the entire sample. The percentage losses could 
then be calculated directly as per cent of the quantity present in the 
original sample; for example, 300 grams of fresh spinach contained 32.2 
grams of total solids. After steam blanching for 90 seconds and water 
cooling for two minutes a similar sample of spinach weighed 314 grams 
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and contained 28.97 grams of total solids. This indicated a loss of 10 per 
cent of the total solids present in the original 300-gram lot of spinach. 
This procedure was satisfactory for laboratory experiments, but in com- 
mercial processing plants it was not possible to send a small weighed sam- 
ple through the lines and recover it at the end. Therefore, the last column 
was added (Table 2), in which the losses are expressed as per cent loss 

. , . soluble solids , , . , . , , 

in the ratio ; • The results expressed in this manner closely 

insoluble solids 

parallel the actual losses of soluble solids. 


TABLE 2 


Leaching Losses Occurring During Processing of Spinach for Freezing^ Compared 
With Loss in the Patio of Soluble Solids to Insoluble Solids * 


Treatment of sample 

Ash 

Total 

solids 

Soluble 

solids 

Ratio 

.soluble solids 
insoluble solids 


pr! . 

pet. 

prt. 

prt. 

Control (no troatmont) 

0 

0 

0 

0 

Steam blanched 90 sec., air cooled 

8.1 

5.8 

11.0 

10.0 

Steam blanched 90 aec., water C/Ooled 2 min 

19.3 

10.01 

16.9 

16.3 

Steam blanched 90 .sec., water cooled 4 min 

23.3 

10.01 

20.1 

20.9 

Water blanched 1 min., 212°F., air cooled 

25.6 

11.8 

30.3 

35.4 

Water blanched 1 min., 21 2 “F., water cooled 2 min. 

27.3 

12.7 

37.7 

45.4 


* Expressed as per cent of the total absolute amount of the rewpective constituent in a known 
weight of sample. * Figures repreaont averages* of duplicate experiments. 


Results of a series of analyses made on asparagus taken from a com- 
mercial processing line at appropriate points are summarized (Table 8). 

TABLE 2 


Effect of Steam Elan chin g, Spray Cooling^ and Pluming Upon Patio of Soluble Solids to 
Insoluble fiolids in Asparagus Samples Taken From a Commercial TAnc^ 


Series 

letter 

(\)ntrols, 

ratio 

sol. solids 
in sol. solids 

Blanched .samples j 

Blanched and 
spray cooled 

i Blanched, spray 

cooh*d, and flumed 

Ratio 

Loss of 
sol. .solids 

Ratio 

Tioss of 
sol. solids 

Ratio 

Loss of 
sol. solids 




prt. 


prt. 


prt. 

a 

1.86 

1.75 

6.0 

1.70 

8.6 

1.04 

44.1 

b 

1.85 

1 .53 

17.3 

1.32 

28.7 

1.03 

44.3 


1.84 

1.62 

12.0 

1.58 

14.1 

1.63 

11.4 

d 

1.54 

1.33 

13.6 

1.18 1 

23.3 

1.18 

23.3 

e^ 

1.12 

0.76 

49.7 

0.62 

58.7 ! 

0.72 

52.3 

f" 

2.04 

1.48 

27.2 



1.35 

34.2 


1.25 

1.11 

47.7 



1.04 

50.9 


^Figures represent avoragos of duplicate samplings. * Centtir cuts of asparagus. ^Samples 
cooked before analysis (appro.ximately one and one-half pounds frozen asparagus cooked in one quart 
of water for 12 minutes; cooking water discarded). * Samples f and g were laboratory processed 
samples, blanched three and one-lialf minutes in steam and cooled three minutes in running water. 


The procedure followed by this plant was cutting, washing, sorting, grad- 
ing, steam blanching, spray cooling, fluming, packaging, freezing. The (a) 
series was taken early on a Monday morning before the steam pressure had 
reached the desired point. This could explain the low blanching losses o& 
this series compared with the others. However, after fluming the soluble 
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solids had dropped as low as those of the series, which represented 
the average or typical’^ condition over this day's run. A gradual loss at 
each successive stage of processing was observed in this asparagus. Series 
*‘c," which was center cuts," lost soluble solids during blanching but 
no further loss occurred during cooling. The tender tips underwent greater 
losses at the various stages than the stalks. The series ‘^d" and ‘‘e," are 
representative of samples taken from the line on the following day. The 
asparagus was of the same lot which had merely been held overnight. The 
lower ratio for the controls on the *‘d" series shows that the asparagus 
had undergone losses in soluble solids during storage. These changes 
appear to have made the asparagus more resistant to leaching during 
fluming treatment. The series was similar to ‘‘d" except that each 
sample was cooked (approximately V/2 lb. frozen asparagus cooked in one 
qt. water for 12 min.) before analysis. The cooking water was discarded, 
as is frequently done. The cooking losses were over twice as great as the 
processing losses, and there was little difference among the samples at the 
various stages of processing, indicating that cooking losses, in vegetables 
(if cooking water is discarded) could have a leveling effect on differences 
in processing losses. The laboratory samples of the ^‘g" series showed a 
similar effect of cooking. 

Series ‘*f " and ^^g" represent laboratory samples which were processed 
the same morning that they were cut. These samples had a higher initial 
soluble-solids content than the commercial. They lost a high percentage of 
soluble material during steam blanching, probably because they were more 
tender than the commercial, and because the blanching treatment used 
was perhaps unnecessarily severe. (Peroxidase was inactivated, while it 
was still present in the commercial samples.) 

The young inflorescence, which is the edible portion of the broccoli 
plant, represents still a third type of vegetable which was included in this 
study ; data of an experiment conducted in a commercial plant are shown 
(Table 4). Samples of broccoli were taken from the line at the points 
indicated in the table and cooled in air or in large kettles of cold water 
under laboratory conditions. The water was changed for each sample to 
simulate the effect of running water. For the water-blanched samples, 
cleaned broccoli was removed from the processing line and both blanching 
and cooling were done in the laboratory. The data (Table 4) show that 
steaming followed by air cooling caused the least loss of soluble solids. 
As soon as water was introduced either for scalding or for cooling of 
broccoli, the losses of soluble solids increased. The data for vitamin C 
presented a different picture. Whether expressed on the wet basis or the 
alcohol insoluble-solids basis or the soluble-solids basis, the loss of this 
vitamin was nearly as great when air cooling was employed. This is prob- 
ably explained by the destruction of the vitamin brought about by the 
longer exposure to heat in the case of the air-cooled samples compared 
with the water-cooled, as has been shown by Tressler (1938). 

Diced barrots were studied as an example of a root vegetable. They 
also represent one which has a higher ratio of soluble solids to insoluble 
solids than other vegetables used in our studies. The average of four sam- 
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pies taken at each point from a commercial processing line (Table 5) shows 
that the content of alcohol-insolnble solids decreased on scalding more than 
expected. This effect may have been caused by absorption of moisture 
during steaming. The apparent increase in alcohol-insolubles after spray 
cooling may be explained on the basis of loss of soluble solids. Assuming 
that alcohol-insoluble solids are the best reference base, the ratio of soluble 
solids to alcohol-insoluble solids should be the best reflection of the effect 
of processing upon the soluble nutrients. The ratios show that no loss 
occurred during steam blanching, but water cooling brought about a sig- 
nificant loss. The ratios of soluble solids to insoluble solids (obtained by 
difference between total and soluble solids) present a different picture. 
The sharpest drop here occurred as a result of blanching rather than of 
water cooling. 


TAHl.fc: 5 

Effect of Proccs.sinp on Solvhle-Solid.H and Aleoh<d-lns(dnhl( Solids Content 
of Dieed Carrots ^ 


Prof*eKHinfj staffe 

Total 

Folids 

Soil! Me 
solids 
( et basis) 

Alcohol- 
in soluble 
solids 
(wet basis) 

Katio 

so’iible solids 

Loss 

Ratio 

soluble solids 

insoluble solids 

iilcohol-insol. solids 


pet. 

pet. 

pet. 


pet. 


Raw, diced 

la.nj) 

10.93 

5.90 

.3.96 


1.85 

Blanched (steam).... 

1H.47 

10.04 

5.02 

2.9.3 

26 

2.00 

Spray cooled 

11.95 

S.OC 

6.19 

2.63 

33 

1.40 

Frozen 

i:i.4:; 

9.97 

6.74 

2.S5 

27 

1.48 


' (’onimiM-cial sanities; avi^rages of foin- .sumples. 


TABLE 6 

Effeet of Processinff on Water-Soluble Constituents of 
Lima Beans for Freezinfi ^ 


Constituent 

Presb untreated 

1 Steam blanched 
j Vj min. 

Steam blanched 
and flumed 

Presh 

basis 


Fresh 

basis 

Dry 

basis 

F resh 
basis 

Dry 

basis 

Total solids i)er cent ) 

34.0 


32.7 

.... 

29.7 


Total Riiji^ars (])ct. dextrose) ■ 

2.18 

6.5 

1.86 

4.7 

1.44 

4.8 

RiLoflavin (/u^./Rni.) | 

0.70 

1.9 

0.58 

1.7 

0.53 

1.7 

Thiamin tuer./erm.) ! 

1.21 

3.4 

0.81 

3.1 

0.94 

2.5 


^ ('ornmorcial samples; averaffo analyi^is of four sumi)h*.s. 


Lima beans are an example of a vegetable having a thick protective 
coat which should reduce the leaching losses. The relatively high propor- 
tion of starch and low proportion of soluble carbohydrates also distin- 
guishes it from the other vegetables discussed. The presence of this starch 
may also play a role in keeping the blanching losses low since the starch 
just below the seed coat, which was exposed to heat, would swell and form 
a less permeable layer. The ratio of soluble solids to insoluble solids in lima 
beans is very low and did not prove to be of value in showing processing 
losses. The data (Table 6) summarize the results of the analyses of a series 
of samples taken from a oommercial lima bean -processing line. It will be 
noted that the total solids decreased as a result of blanching and cooling. 
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This decrease probably was not real but was caused by moisture uptake 
by the starch in the beans. The data for ash, total sugars [determined by 
Hassid’s (1936) ceric sulfate method], thiamin [determined by Conner 
and Straub’s (1941) method], and riboflavin [by Mackimiey and Siigi- 
hara’s (1942) modification of the fluorometric procedure] have been ex- 
pressed on both the fresh- and dry-weight basis. Owing to the relatively 
high proportion of starch and low proportion of soluble solids, the dry- 
matter basis is probably the more reliable in this instance. Unfortunately 
alcohol-insoluble solids were omitted from these determinations. 

Frozen fruits for use in bakery products or preserves may be blanched 
before freezing, for color and flavor retention. If the fruit is blanched, 
the losses in soluble solids which may occur are even greater than in 
vegetables largely because of the relatively higher sugar content, lower 
insoluble-solids content, and the soft nature of the tissues. Furthermore, 
in products prepared from such blanched fruit, losses of the highly vola- 
tile and soluble flavor constituents are much more noticeable than in 
vegetables. 

TABLE 7 

Effect of Procesxinff on Solvhlc Solidn Content of Sliced Apjdes^ 


ProcoKsinj? 

stagt* 

1 

Total 

solid.N 

1 

1 

Soluble* 
sulids ; 
( wot 
basi-s) 

Ratio 
sol. solids 
insol. solids 

Loss of 
soluble 
solids 

.Meohol- 
insoln ble 
solids 
(wet 
basis ) 

Ratio 

soluble solids 
alc. insol. sol. 

Soluble 

solids 

loss 

Raw (poelpd and 
sliced) 

pr( . 

J7.42 

pet. 

14.8!) 

i 

.1.88 

pet. 

pH. 

2.44 

6.10 

prL 

lOiw (flinnod to 








Ijlan(dior) 

IG.IS 

13.0.”) 

5.39 

8.3 

2.24 

6.09 

0.2 

Blnnchod (6 min. 








at I90"F.) 

18.72 

11.82 

5.30 

9.9 

2.23 

5.30 

13.1 

Spray (' 0 ()J('d 








(ri min.) 

12.93 

10.()4 

4.50 

23.5 

2.13 

5.00 

18.0 

FI limed (r)4'G8'’F.).... 

r2.3rj 

10.12 

4.53 

23.0 

2.06 

4.92 

19.4 


M'ommeroiul samples; four samples wen* taken from i*aoh point. 


Data on apples obtained from a commercial line are summarized (Table 
7). In these the alcohol -insoluble solids were a reasonably constant refer- 
ence base for calculation of the losses occurring during processing. It will 
be seen that blanching itself caused the greatest loss of soluble material ; 
spray cooling and fluming further increased these losses. 

Similar experiments (Table. 8) were made on commercial samples of 
sliced clingstone peaches. This is an example of a product from which 
insoluble solids appeared to be lost as rapidly as soluble solids, so that 
no processing losses could be demonstrated from the differences in the 
ratio of soluble solids to insoluble solids for this fruit. 

COOLING RATES 

Since the importance of rapid and complete cooling is well recognized, 
measurements were made of rates of cooling sliced apples under severaf 
laboratory conditions. The apples were rather small Newton Pippins which 
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were peeled, cored, sliced into eighths, and placed on a metal-frame, wire- 
mesh tray, using two and one-half pounds of apple slices per square foot 
of tray surface. An average-sized slice was selected for temperature meas- 
urement from the center portion of a tray. The hot junction of a copper- 
constantin thermocouple was inserted so that it passed through the thickest 
portion of the slice (running in a direction parallel to the core of the 
apple). Preliminary trials showed that the slices were completely cooked 
if steaming was continued until the thermocouple showed that the inside 
of the slice had reached 98.9°C.(210°F.). Qualitative enzyme tests indi- 
cated that three minutes in steam was a sufficient blanch for these apple 


TABLE 8 

Effect of Processing on Soluhte- Solids Content of Sliced Cling Peaches ^ 


Processing stage 

Total 

solids 

Soluble 

solids 

(wet 

basis) 

Insoluble 
solids 
(by dif- 
ference) 

Ratio 
sol. solids 
insol. solids 

Soluble 
solids 
(in total 
solids) 


pH. 

pH. 

pH. 


pH. 

Unpeeled halves 

i3.ir> 

11.72 

1.44 

8.14 

89 

Lye-dipped halves 

13.11 

11.67 

1.44 

8.10 

89 

Halves after lye and skin were l 

washed off 1 

13.44 

11.93 

1.51 

7.90 

88 

Raw slices after flumiiiK 

13.29 

11.80 

1.43 i 

1 8.29 

89 

Blanched, spray-cooled slices 

11.94 

10.70 

1.24 

8.62 

89 

Blanched, snray-cooled. linmed slices 

10.56 

9.45 

: 1.11 ! 

! 8.51 

89 


* Commercial sample; six samples were taken from each i)oint. 


slices. The slices usually attained a temperature of approximately 90.6° 
(195°F.) within this time. The time of steaming was counted from the 
time the surrounding atmosphere attained a temperature of 210°F., as 
indicated by a separate thermocouple placed loosely above the tray. After 
steaming the entire tray was removed from the steaming chamber and was 
cooled either in still air, by means of a four-bladed Emerson electric fan 
12 inches in diameter placed at a distance of two feet from the tray so 
that the air current blew from above or below the tray, by immersion in a 
large volume of water at 12.8°C.(55°F.), or by spraying with water at that 
temperature. Cooling rates were measured by recording the time required 
(in seconds) for the temperature within the apple to drop each 10° F. as it 
cooled from 210 to 70°F. Such cooling rates are shown (Fig. 1) ; each 
curve was drawn from an average of five or more determinations. The 
data show that the cooling rate in still air is entirely too slow. However, 
under laboratory conditions, at least, the electric fan cooled the apples at a 
rate which was not markedly below the rate attained with water cooling. 
The data indicate that placing the fan below the tray had a slight advantage 
over placing it above the tray and that spray cooling had a similar advan- 
tage over immersion in a tank of water. 

The above cooling rates were taken with an air temperature of 70°F. 
prevailing in the laboratory. It is obvious that Very frequently climatic 
conditions during processing seasons bring about considerably higher tem- 
peratures in the surroundings; therefore, the data plotted (Fig. 2) were 
taken. For these cooling rates the steamed apples were placed in the 
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Fig. 1. Rates of eoolinpf of sliced apples. 



TIME JN SECONDS 

Fio. 2. Bates of cooling of sliced blanched apples in aif under several conditions. 
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tunnel of a dehydrater with the respective wet and dry bulb temperatures 
as indicated on the figure. It can be observed that the cooling rates of 
tlie apple slices when placed in the moving air were very similar, regardless 
of temperature, until the temperature of the product approached that of 
the surroundings. 

SUMMARY 

Investigations were made of the changes in soluble nutrient content 
whi(*h occur in several stages of processing vegetables and fruits for freez- 
ing, under laboratory and commercial conditions. Spinach, asparagus, car- 
rots, lima beans, broccoli, apples, and clingstone peaches were included. 

Consideration was given to the most reliable reference base for expres- 
sion of changes. For vegetables having relatively low soluble-solids content 
the insoluble solids (by difference between total solids and soluble solids) 
constituted a suitable basis; while in products having high soluble-solids 
content, the alcohol-insoluble solids were found more reliable. Probably 
the latter would be most suitable for general use. 

Of all the blanching and cooling combinations used, steam blanching 
followed by air cooling brought about the least loss of soluble solids. Tf 
water blanching was used, there was little advantage to be gained by air 
cooling. 

Prolonged contact with large volumes of rapidly running water is most 
detrimental to the flavor and nutrient content of such products as fruits, 
spinach, and carrots, which have either very soft texture or relatively very 
high soluble-solids content or both. 

Studies of rates of cooling of sliced apples indicated that with cold, 
rapidly moving air the apples could be cooled almost as rapidly as with 
water. 

ACKNOWI.EDGMENTR 

The authors wish to thank the California frozen -food processors who 
so generously co-operated in making their facilities available to us. These 
processors were the Fresh Frozen P^oods Company of Watsonville; Santa 
Clara Frosted Foods C'ompany of Santa Clara; and Spiegl Foods ('om- 
pany of Salinas. The investigations with fruits were supported partly 
by a special grant for study of the role of sugar in the freezing of fruit, 
given by the Sugar Research P^oimdation. 

REFERENCES 

Adam, W. B., and Stanworth, J., 1941. Physical changes occurrinjy during the blanch- 
ing of vegetables. Ann. Rept. Fruit and Vegetable Preservation Research Sta., 
Campden, England. 

Association of Official Agricultural Chemists, 194.'5. Methods of Analysis. Sixth edition. 
Conner, R. T., and Stoattb, G. J., 1941. Determination of thiamin by the thiochrome 
reaction. Ind. Eng. Chem., Anal. Ed. 13, 380*384. 

Critess, W. V., 1946. Blanching and cooling for frozen pack. Fruit Products J. 25, 
134-135. 

Diehl, IT. C., CAMPBEiAi, H., and Berry, J. A., 1936. Some observations on the freezing 
preservation of Alderman peas. Food Research 1, 61-71. 

Hassid, W. Z., 1936, 1937. D^ermination of reducing sugars and sucrose in plant mate- 
rials. Ind. Eng. Ch^m., Anal. Ed. 8, 138-140; 9, 228-229. 



COOLING OF BLANCHED VEGETABLES AND FRUITS FOR FREEZING 495 


JosLYN, M. A., 1942, Freezing apricots. Western Oaoncr & Packer 34, (8), 45-51. 

, AND Cruess, W. V., 1929. Freezing storage of fruits and vegetables for retail 

distribution in paraffined paper containers. Fruit l^roducts J. 8, (Mar.), 9-12; 
(Apr.) 9-12. 

Lke, F. a., 1945. Vitamin retention in blanched carrots. Alcohol-insoluble solids as a 
reference base. Ind. Eng. Chora., Anal. Ed. 17, 719. 

Mackinney, G., and Sugihara, J., 1942. Riboflavin estimation in fruits and vegetables. 
J. Am. Chem. Soc. 64, 1980-1981. 

Magoon, C. a., and Culpepper, C. W., 1924. Scalding, precooking, and chilling as pre- 
liminary canning operations. tJ. S. Hept. Agr. Bull. 1265. 

Tkkssler, D. K., 1938. Bacteria, enzymes, and vitamins — indices of quality in frozen 
vegetables. Refrig. Eng. 36, 319-321. 

Wager, II. G., 1940. Changes in weight of vegetables during scalding. Food Manuf. 21, 
1S7-190. 

Williams, E. W., 1945. From Seattle to San lliego. Quick Frozen Foods 8 (2), 50, 68. 

WooDKOor, J. G., Atkinson, I. S., Cecil, S. R., and Suelor, E., 1946. Studies of meth- 
ods of vegetable blanching. Georgia Agr. Expt. Sta. Bull. 248. 



VITAMIN RETENTION AND ACCEPTABILITY OP FRESH 
VEGETABLES COOKED BY FOUR HOUSEHOLD 
METHODS AND BY AN INSTITUTIONAL 

METH0D^*2.8 

CLAIRE KERCHER SUTHERLAND, EVELYN G. HALLIDAY, 

AND WINIFRED F. HINMAN 
Department of Home EoonomicSy University of ChicagOy 
Chicago, Illinois 

[Received for publication, January 4, 1947] 

Variation in the methods of cooking fresh vegetables exists among 
homes and institutions, and usually in any one place the same method is 
used for almost all vegetables. This practice undoubtedly prevails because 
of habit and because of a priori conclusions, not because a careful com- 
parison has been made to decide which method gives the best product for 
each vegetable from the standpoint of acceptability as well as that of 
vitamin retention. 

In the study reported in this paper three vegetables — green cabbage, 
spinach, and peas — were cooked in four-serving portions by four methods : 
in water to cover, in a minimum amount of water, in a steamer, and in a 
pressure saucepan. Then the retention of ascorbic acid, thiamin, and ribo- 
flavin and also the acceptability were determined for the cooked vegetables. 
In addition, the effect of storing the cooking liquid in the refrigerator and 
subsequently reheating it was determined. A comparison was also made of 
cabbage cut in quarters and shredded and of spinach with and without 
stems, all cooked in water to cover. Finally two of the vegetables, cabbage 
and spinach, were also cooked in a steam-jacketed kettle in an institution 
and held over steam. The vitamin retention found in these institutional 
products was compared with similarly cut vegetables cooked by a house- 
hold method in water to cover. 

A number of studies on these vegetables and their vitamin retention 
have been reported in the literature, but only those are reviewed in which 
the methods were at all comparable to those used in this investigation. 
Thus, for the household methods only those studies are included in which 
it was possible to determine that the vegetables were cooked in quantities 
of at least two servings and in which more than one method was reported, 
except in thercase of cabbage cut in quarters and spinach with the stems 
left on. 

It is difficult to draw clear-cut conclusions from the data presented in 
the literature for these reasons: (1) the range of results was wide between 

^ In partial fulfillment of the requirements for the degree of Doctor of Philosophy 
by Claire Kercher Sutherland. 

* This 'investigation was supported in part by Nutrition Foundation, Inc., and by 
Omicron Nu. 

*A brief abstract of thfs paper by Kercher, Haliiday, and Hinman appeared in 
Omicron Nu (1945-46). 
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reports on the same method and vegetable; (2) some papers showed appre- 
ciable overlapping of results; (3) some authors found difiEerences between 
methods while others did not; (4) the figures on retention did not always 
take into account the change of weight on cooking; (5) the results on 
institutional methods were reported in various ways and frequently not 
very clearly; retentions for the combined effect of cooking and holding 
vegetables were given sometimes only for the solid portion, then again 
only for the combined solid and liquid, and often the retentions after 
holding were apparently based on the vitamin value of the cooked rather 
than the raw product; and (6) the time of holding the cooked product 
from the different institutions varied. 

The trend in the results reported on household methods was for the 
drained vegetables to show the least retention when cooked in a consider- 
able quantity of water and the greatest when cooked in a minimum quantity 
of water. For all four methods summarized together the retentions in the 
cabbage, shredded or cut in small pieces, were one-fourth to all of the 
ascorbic acid ; in spinach, without stems in one study, one-fourth to three- 
fifths of the ascorbic acid, one-half to four-fifths of the thiamin, and 
one-half to four-fifths of the riboflavin; in peas one-half to four-fifths 
of the ascorbic acid, one-half to almost all of the thiamin, and two-thirds 
to almost all of the riboflavin. These values were taken from reports by 
Halliday and Noble (1936) ; Wellington and Tressler (1938) ; Lunde, 
Kringstad, and Olsen (1940) ; Brinkman, Halliday, Hinman, and Ham- 
ner (1942) ; Higgins (1942) ; MacGregor (1942) ; Oser, Melnick, and Oser 
(1943); Gleim, Tressler, and Fenton (1944); Ireson and Eheart (1944); 
and Noble and Waddell (1945). 

For cabbage cooked in quarters in water to cover, Wellington and 
Tressler (1938) reported 38 per cent retention of ascorbic acid. For 
spinach with the stems left on and cooked in water to cover, Higgins 
(1942) reported 24 per cent retention of ascorbic acid. 

Where values for the cooking liquid for the three vegetables were 
given, one-third to three-fifths of the vitamin content was dissolved in the 
method using a considerable amount of water, whereas only negligible 
amounts to one-fourth of the totals were found in the other methods of 
cooking. 

Subjective scoring of acceptability was included with only three of 
the studies on retention in the household methods. In two of the reports, 
one by Brinkman, Halliday, Hinman, and Ilamner (1942) and the other 
by Montgomery (1943), whose work on acceptability was done in collabo- 
ration with MacGregor *s (1942) on retention, the color, flavor, and texture 
of all three vegetables were scored and also the odor of cabbage. These 
workers found that the open-saucepan method using water to cover was 
best for cabbage, the open-saucepan and pressure-saucepan methods best 
and equally good tor spinach, and the latter method best for peas. The 
pressure-saucepan method for cabbage was scored down for color in one 
study and for color, flavor, and odor in another. The open-saucepan 
method for peas was scored high in all respects except color. The covered « 
saucepan with a minimum amount of water and the steamer both ranked 
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low, although often the scores for flavor and sometimes for texture were 
equal to those for the first two methods. In the third report, by Gleim, 
Tressler, and Fenton (1944), spinach was found to have a more bland 
flavor when cooked in a larger amount of water than when cooked in a 
smaller amount; however, the 10 to 17 judges were equally divided in 
their choice of the two methods. 

Concerning the effect of storing the cooking liquid and then reheating 
it, the literature contained investigations only on the ascorbic acid in 
cabbage liquid. MacGregor (1942) reported retentions of 86 per cent 
after 24 hours’ storage in a refrigerator, 80 per cent after 48 hours, and 
32 per cent after boiling the latter sample for 15 minutes. Lampitt, Clay- 
son, and Barnes (1944) found 76 per cent retention after two hours at 
room temperature and 64 to 42 per cent in five to 20 minutes while main- 
taining it at 88°C.(190.4°F.). 

For the results on vegetables cooked in a steam-jacketed kettle it 
should be stated that the method of preparation, especially cutting, was 
not always given exactly. Cabbage retained one-third to three-fifths of 
its ascorbic acid just after cooking, one-third to three-fifths after holding 
less than one hour, one-fourth to one-half after holding one to two hours, 
and 1/500 after holding more than two hours. In the same order for 
cooking and holding, spinach retained one-fifth to two-thirds, two-fifths to 
seven-eighths, one-tenth to one-third, and one-tenth of its ascorbic acid. 
Spinach also retained one-half to four-fifths of its thiamin and one-half to 
nine-tenths of its riboflavin just after cooking and one-fifth of its thiamin 
after holding three hours. These results are summarized from reports by 
Higgins (1942); Daum, Aimone, and Hollister (1943); Jenkins (1943); 
Nagel and Harris (1943) ; Cutlar, Jones, Harris, and Fenton (1944) ; 
Scoular and Bryan (1944) ; Smith, Caldwell, Ross, and Wood (1944) ; 
Schauss (1945) ; and McMillan and Todhunter (1946). No holding studies 
for these three vegetables were found for riboflavin, but Porter and Kelly 
(1944), using Swiss chard, reported no loss in one hour of holding over 
steam. 

EXPERIMENTAL PROCEDURE 

Preparation of Samples for Analyses: The green cabbage, spinach, and 
peas used for the household methods of cooking were purchased in a local 
grocery store. The cabbage heads had the outer leaves discarded, then, 
without washing, were cut and sampled by taking strips in rotation around 
the head. The spinach was washed by dipping each plant first into warm 
then into cold water, the stems were removed, and the leaves gently patted 
dry with a towel. The peas were shelled but not washed. The vegetables 
were tied loosely in cheesecloth bags, each containing a two-serving portion. 
This procedure was used in order to keep the samples intact during cook- 
ing. Because of the time involved in preparation, the bags of spinach and 
peas were kept overnight in a refrigerator and cooked the next day. 

The vegetables were cooked in four-serving portions by these methods : 
(1) in an* open saucepan in water to cover,* (2) in a tightly covered sauce- 

* The vegetables were cooked according to directions in Hows and Whys of Coolcing, 
by Halliday and Noble (1933 Edition). 
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pan in a minimum amount of water, (3) in a steamer on an enamel plate, 
therefore without added water, and (4) in a pressure saucepan in a very 
small quantity of water.^ No seasoning was added. The order of cooking 
by the different methods was rotated so that no one method had an unfair 
advantage over the other. Immediately after cooking the vegetables were 
drained, weighed, and the total liquid cooled and measured. Some of the 
liquid from the open-saucepan method was allowed to stand covered in a 
refrigerator for one to two days and then was reheated in a tightly covered 
pan. Specific data for these cooking procedures are given (Tables 1 and 2). 

The green cabbage and spinach used for the institutional method of 
cooking were purchased on the wholesale market. The cabbage heads had 
the outer leaves discarded, were cut in wedges, and the samples tied loosely 
in six cheesecloth bags, each containing a two-serving portion. The pre- 
caution was taken to see that wedges from the same heads were represented 
in each bag. As was the practice of the institution, the cabbage was stored 
in a refrigerator for about 20 hours after cutting, then washed before 
cooking. The spinach was cut free of any tough stems, washed first in 
warm then in cold water, and the portion to be analyzed was gently patted 
dry with a to^vel and tied loosely in six cheesecloth bags, each containing 
a two-serving portion. It was cooked the same morning as prepared. 

The bagged samples, together with about a bushel of vegetable prepared 
by the institution, were cooked in cither of two deep-type, steam-jacketed 
kettles of 25- or 30-gallon capacity, depending upon which utensil was 
available. Salt and sugar were added to the cabbage and salt to the spinach. 
The lid was kept closed during cooking. Immediately after cooking the 
bags of vegetable were removed, drained, and weighed. Two of the samples 
were held over steam for one and one-half hours. No attempt was made to 
measure the cooking liquid. Si)eeific data for the cooking procedures are 
given (Table 2). 

Preparation of Samples for Aceeptahil Hy : For the subjective tests of 
acceptability (Table 1), the vegetables were washed, cut, sampled, and 
cooked by the household methods. Trial cookings determined the length of 
the cooking period so that all the samples to be scored were finished simul- 
taneously; a minimum of three judges scored the products using score 
cards developed for this study. Wherever possible the color was compared 
with a standard color chart of Maerz and Paul (1930). 

Determmaiion of Ascoi'hic Acid: For determining the reduced ascorbic 
acid a modification which ijicluded technical details from Bessey (1938), 
Evelyn, Malloy, and Rosen (1938), Morell (1941), Loeffler and Ponting 
(1942), and Ponting (1943) was used and in brief was as follows: 

All of the vegetable from one of the bags was placed in a Waring 
blendor with three per cent oxalic acid in the ratio of approximately four 
parts of acid to three parts of vegetable and blended for four to six 
minutes. This proportion of acid gave a pll of 1.5 to 2.1. Two aliquots 
from this mixture, the size of which depended on the amount of ascorbic 
acid in the vegetable, were then blended for one minute in enough 0.4 per 

® The directions of the manufacturer were followed. 

• The FlexSeal pressure saucepan was used. 
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cent oxalic acid to make a total volume of approximately 250 ml. The pH 
of these second extracts was 1.4 to. 2.0. The total time of blending was 
five minutes for cabbage and peas and seven minutes for spinach. The 
extra precaution of using an atmosphere of nitrogen for blending, as sug- 
gested by Hochberg, Melniek, and Oser (1943), was adopted for spinach 
and peas although comparative experiments with all three vegetables gave 
no conclusive evidence that this procedure was necessary in order to pro- 
tect reduced ascorbic acid when three per cent oxalic acid was used in the 
proportion stated. The reduced ascorbic acid was then determined on a 
Coleman universal spectrophotometer (Model 11). 

No attempt was made to determine dehydroascorbic acid. Other work- 
ers, however, have found the three vegetables used in this study to be 
either low or lacking in this form of the vitamin. The most recent reports 
on this subject are by Harris and Olliver (1942), Gleim, Tressler, and 
Fenton (1944), Pavcek and Elvehjem (1944), and Roe and Oesterling 
(1944). 

Determination of Thiamin and Riboflavin: For determining the thia- 
min and riboflavin a combination of the techniques of Hennessy and 
Cerecedo (1939), Conner and Straub (1941), Najjar (1941), and Hen- 
nessy (1942), as described for thiamin by Hinman, Higgins, and Halliday 
(1947) and for riboflavin by Hinman, Tucker, Jans, and Halliday (1946), 
was used. The essentials of this were as follows : 

All of the vegetable from one of the bags was mixed with an equal 
quantity of water in a Waring blendor. Then aliquots of the blend were 
extracted with N/10 n 2 S 04 , digested with clarase, adsorbed on double 
columns, eluted, oxidized, and the fluorescence readings for thiamin and 
riboflavin made on a Coleman electronic photofluorometer (Model 12). 

Standard recoveries for thiamin and riboflavin, which were added to 
an aliquot each of a raw and a cooked vegetable blend and carried through 
the entire procedure, were always 90 per cent or better in each experiment. 

Statistical Analyses: When three or more values were compared, the 
data on percentage retentions were analyzed statistically for the minimum 
level of significance between means at the five-per cent point as described 
by Noble and Waddell (1.945) ; when two values, such as those from the 
stored, reheated cooking liquid of cabbage strips, by the paired **t’^ test; 
and when two values, such as those from cabbage freshly cooked in small 
and large quantities, by the non-paired “t” test. 

Duplication of Results: In order to check the precision in sampling and 
in replicate cookings, one vegetable was cooked in duplicate by one method 
on two different days using different lots of vegetable. The vegetable 
chosen was spinach with the stems left on; the method was the open 
saucepan. It was found that in duplicate cookings from the same lot of 
spinach the percentage retentions of each of the three vitamins in the 
drained vegetable agreed within 0 to seven and that in the stored and the 
stored, reheated liquids the percentage retentions of thiamin and riboflavin 
agreed within one to nine. This range is within the experimental error 
in the chemical methods. 

The same order of precision had been obtained for reduced ascorbic acid 
values when the influence of various factors, such as (1) the effects of hold- 
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ing the concentrated first blends made with three per cent oxalic acid plus 
the three raw vegetables and also of holding the filtrates of the second 
blends — both when mixed in the presence of air and of nitrogen and (2) 
the effect of the extracting solution on raw broccoli, had been tested in 
the analytical method. Perhaps this was because, as has been stated, such 
large samples were blended in the Waring blendor before aliquots were 
removed for the analyses. 

DISCUSSION OP RESULTS 

Small-Quantity Cookings: Prom the results presented (Fig. 1) on the 
retentions of the three water-soluble vitamins in cabbage strips, in spinach 
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without stems, and in peas, each cooked by the four household methods, 
the following conclusions can be drawn : 


TABLE 3 

Range of Vitamin Content of Raw Vegetables Used in 
Coohing Experiments^ 


Vegetable 

Method of 

Ascorbic acid 


Thiamin 



Riboflavin 


cooking 

Min. 

Av. 

Max. 

Min. 

Av. 

Max. 

Min. 

Av. 

Max. 



mg./lOO gm. 

1 fig./lOO gm. 

1 fig./ 100 gm. 

Cabbaj^e strips 

Household 

39.4 

50.1 

67.2 

39 

54 

72 

31 

44 

52 

Spinach with- 
out stems 

Household 

16.3 

40.3 

59.8 

130 

176 

226 

209 

259 

320 

Peas 

Household 

21.2 

26.5 

31.0 

296 

347 

402 

121 

132 

146 

Cabbage 

Institutional 

32.5 

44.4 

61.8 

46 

58 

63 

27 

32 

39 

wedges 

Household 

35.3 

37.1 

39.5 

33 

46 

58 

25 

27 

28 

Spinach with 

Institutional 

6.6 

23.6 

57.1 

74 

99 

119 

137 

175 

206 

stems 

Household 

17.8 

23.2 

28.6 

104 

110 

116 

193 

197 

201 


^Average of four experiments. 


The open-saucepan method gave the lowest retentions in the drained 
products, except for the ascorbic acid of spinach which was about equally 
well retained by all four methods. As might be expected, all the vitamins 
from the three vegetables were present in significantly larger proportions 
in the cooking liquid from the open-saucepan method than in that from 
any of the others. In fact, by this method the vitamins were about equally 
distributed between solid and liquid for two of the vegetables, cabbage and 
spinach, but not so for peas. In the latter the liquid had a much lower 
proportion than the solid. 

The other three methods of cooking gave retentions for the drained, 
cooked vegetables which were equally good with these exceptions: (1) the 
tightly covered saucepan gave retentions appreciably lower in ascorbic acid 
for cabbage and slightly lower in thiamin and riboflavin for spinach than 
did the steamer and the pressure saucepan; (2) the tightly covered sauce- 
pan, on the other hand, showed a slightly higher retention for ascorbic 
acid in peas than did the steamer, whereas the pressure saucepan ranked 
in between these two and overlapped both methods. In the liquids, these 
three methods gave values ranging from a trace to 18 per cent of the 
content of the raw vegetable. 

For the total retentions — drained vegetable plus liquid — all methods 
gave similar results for thiamin and riboflavin but showed significant dif- 
ferences for ascorbic acid. No one of the methods, however, consistently 
gave higher values than the others for all of the vegetables. 

Although the literature does not contain values for a combination of 
all the vitamins, vegetables, and cooking methods studied here, the results 
in this report are in general within the range of those published. Occa- 
sionally 'a value for an individual experiment or the average of the four 
experiments was outside this range. 

From the results presented (Table 4) on the subjective acceptability 
tests on the three vegetables cooked by the four methods, it can be said 
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that for cabbage the open-saucepan and the pressure-saucepan methods 
gave the most satisfactory results; for spinach the open-saucepan method 
ranked first with the steamer and the pressure-saucepan methods next ; and 
for peas the pressure saucepan definitely gave the best results. In inter- 
preting these conclusions one must realize that for cabbage the production 
of undesirable flavors may mask the retained natural flavor and that for 
spinach loss of some of the flavor may be considered an advantage. 


TABLE 4 

Judges*^ Scores* for Acceptability Tests 
(Highest possible score 5; lowest 1) 


Vegetable 

Number 

experi- 

ments 

averaged 

Acceptability factors 

Method of cooking 

Open 

saucepan 

Tightly 

covered 

saucepan 

Steamer 

Pressure- 

saucepan 

(^a})baiye 


Color 

4.8±.2 

2.4±.2 

2.4±.3 

4.0±.l 

strips 


\ white 

4.7±.l 

3.1 ±.H 

3.1 ±.2 

4.r)±.3 


1 

Desirability of aroma 

4.6±..^ 

2.7±.2 

2.G±.4 

3.9±.4 



Gain of flavor 

r).o±.o 

3.2±..’) 

3.0±.3 

4.2±.4 



Intensity of natural flavor 

2.4±.3 

3.8±.3 

3.fl±.4 

4.5 ±.2 



Texture 

4.1±.l 

3.7Ht.2 

4.0±.l 

4.1±.3 



General impression of product 







as a whole 

3.9±.l 

2.fl±.3 

3.2±.2 

4.3 ±.l 

Si)inach 

3 

Color 

4.!i±.l 

2.3 ±.2 

3.3±.r) 

3.6±.7 

without 


Desirability of flavor 

.3.()±.1 

2.7±.4 

3.4±.4 

3.4±.4 

stems 


Intensity of natural flavor 

2.3±.2 

4.0±.3 

3.7±.3 

4.0±.3 

1 


Texture 

4.1 ±.2 

3.3±.4 

3.r,±.2 

3.3±.4 

1 


General impression of product 







as a whole 

.3.5±.4 

2. r )±.2 

3.4±.4 

3.4±.3 

Peas 

4 

Color 

"Xn’iTi 

~2J±:.45 

4 ) 

4.H±.2 

1 


Shape 

2.1)±.l 

2.3 ±.35 

2.2’+‘.25 

4.0±.05 



Intensity of natural flavor 

2.7±.4 

3. 8 ±.5 

3.0±.I 

4.1±.4 



Texture 

3.8±.2 

3.7 ±.2 

3.r)±.3 

3.9±.3 



General inijiression of product 







as a whole 

3.lHt.4 ! 

2.8±.5 

2.4 ±.2.') 

4.1 ±.5 


^ Threi* or four judges partiri) ati^d in each experiment “These values represent the average 
and the average deviation from llie mean of the tests. 


From the judges’ opinions of each product as they considered it in toto 
the pressure saucepan and the open saucepan always ranked higher than 
the steamer or the tightly covered saucepan except that the steamer was 
equivalent to the first two methods for spinach. 

When both the retentions of vitamins and the acceptability of the 
drained cooked vegetables are considered simultaneously, the following 
conclusions can be drawn : 

For both green cabbage and peas, the pressure saucepan gave the 
best product. If a pressure saucepan is not available then the factors of 
retention and acceptability will have to be weighed by the individual to 
determine which of the three methods he would prefer, that is, the open 
saucepan for acceptability or the steamer and tightly covered saucepan 
for retention. 

For spinach, the steamer and pressure saucepan gave the best products. 
If neither of these methods is available, then the choice would be between 
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the open saucepan for acceptability and the tightly covered saucepan for 
retention. 

Stored Cooking Liquid: Prom the results (Table 5) on the keeping 
quality of the cooking liquid, it can be seen that the loss in the reduced 
ascorbic acid content of the liquids during storage in the refrigerator was 
appreciable. Cabbage liquid, stored for two days, was not tested upon 
removal from the refrigerator but had lost one-half of its original ascorbic 
acid after being brought to a boil but showed no further loss after boiling 
for 15 minutes. These values are within the range of those found by 
Lampitt, Clayson, and Barnes (1944). In the liquid from peas, storage 
alone caused a loss in ascorbic acid of about three-fourths in two days and 
in the liquid from the spinach about one-fifth in one day. Merely bringing 
these two liquids up to the boiling point increased these losses to four-fifths 
and two-fifths, respectively. No significant further change was found after 
boiling 15 minutes. 

TABLE 6 


stability of Vitamins in Stored Cooking Liquid From Vegetables 
Cooked in an Open Saucepan 


Source 

of 

liquid 

Number 

of 

experi- 

ments 

Vitamin 

Time 

held 

in 

refrig. | 

Content 

before 

stored 

(av.) 

1 Retention * (av.) | 

Minimum 
level of 
gigniii- 
cance 

Just 

before 

heated 

After 
brought I 
to boil 

After 

boiled 

15 min. 

Cabbage strips 

3 

Ascorbic 

acid 

days 

2 

per 

too gm. 
raw veg.^ 

22.0 mg. 

pet. 

pet. 

50 

pet, 

54 

pet. 

8 

Spinach with- 
out stems 

3 

Ascorbic 

acid 

1 

14.5 mg. 

83 

40 

36 

11 

Peas 

3 

Ascorbic 

acid 

2 

8.3 mg. 

2" 

18 

20 

5 

Spinach with 
stems 

4 

Thiamin 

2 

60.5 /ig. 

101 


83 

8 

Spinach with 
stems 

4 

Riboflavin 

2 

102 Mg. 

109..5 


108 

2 


^Values were based on the content before storage. “The average concentration per milliliter can 
be calculated from the average volumes of drained liquids given for the weights of the raw vege- 
tables cooked in Tables 1 and 2. 


For the liquid from spinach there was no change in thiamin on storage 
for two days but a loss of about one-fifth on boiling 15 minutes. This treat- 
ment had no effect on riboflavin. 

Institutional Versus Household Method: From statistical analyses of 
the results (Table 6) on the retentions of the three vitamins in cabbage 
wedges and in spinach with stems, cooked both by an institutional and by 
a household method, the following conclusions can be drawn : 

Cabbage wedges and spinach with stems cooked in large quantities in a 
steam-jacketed kettle showed a greater retention of riboflavin than when 
cooked in small quantities in an open saucepan but no significant difference 
in retentions of the other two vitamins. However, if the vegetables are 
considered as they might be eaten, institutional cabbage held over steam 
for one and one-half houfs was found to be considerably lower in ascorbic 
acid, but no lower in the other two vitamins, than that freshly cooked in 
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small quantities in an open saucepan. Institutional spinach that was held 
showed no difference in ascorbic acid and thiamin retention from the 
small-scale product but was higher in riboflavin. 


TABLE 6 

Vitamin Retention^ in Vegetables Cooked in Institutional Steam- Jacketed 
Kettle and in Household Open Saucepan * 


Vitamin 

Method of cooking 
cabbage wedges 

Method of cooking 
spinach with stems 

Household 

Institutional 

Household 

Institutional 

Freshly 

cooked 

Freshly 

cooked 

After 
holding * 

Freshly 

cooked 

Freshlv 

cooked 

After 
holding * 


pet. 

net. 

pet. 

pet. 

pet. 

pet. 

Ascorbic acid 

45 

.51 

25 i 

25 

33 

20 

Thiamin 

43 

46 

40 1 

38 

50 

46 

Riboflavin 

42 

58 

46 

37 

53 

51.5 


* Values wore based on the content of the raw vegetable. * Average of four experimenta. 
* The vegetable was held one and one half hours over steam. 


The range of percentage retentions of ascorbic acid for the vegetables 
cooked in an institution was in keeping with those in the literature. No 
values for thiamin and riboflavin were found for cabbage, but published 
figures for spinach do not extend quite as low as some of those making up 
the average reported in this study. When the vegetables were held over 
steam, the additional losses of ascorbic acid were statistically significant; 
percentage retention figures of this vitamin for cabbage were in the lower 
end of the range and for spinach within the range given in the literature. 
The changes in thiamin and riboflavin during holding of cabbage and 
spinach were not significant. For the thiamin in spinach, the average 
retention here reported after holding one and one-half hours is decidedly 
higher than the 20-per cent figure of Nagel and Harris (1943) after hold- 
ing three hours. 

Effect of Method of Cutting Vegetables: A comparison of the results 
included (Fig. 1 and Table 6) showed that cabbage cut in wedges retained 
more ascorbic acid than that cut in strips when both were cooked in the 
open saucepan; no statistically significant diflTerence was found for the 
other two vitamins. Whether spinach was prepared with or without stems 
made no significant difference for any of the three vitamins in the drained 
cooked vegetable. In the cooking liquid from spinach, however, the average 
percentage retentions of thiamin (55 per cent) and riboflavin (52 per cent) 
when the stems were left on were sigliifieantly greater than the 38.5 and 
38 per cent, respectively, found in those experiments in which the stems 
were not included (Fig. 1). No determinations were made for ascorbic 
acid in the liquid from spinach with stems. 

SUMMARY 

.The ascorbic acid, thiamin, and riboflavin retentions and the accepta- 
bility ratings of cabbage strips, spinach without stems, and peas each, 
cooked by four household methods — the open-saucepan, the tightly covered 
saucepan, the steamer, and the pressure-saucepan — ^indicated that for green 
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cabbage and peas the pressure saucepan gave the best product and that 
for spinach both the steamer and the pressure saucepan were the most 
satisfactory, when all factors tested were considered simultaneously. 

The cooking liquid of these vegetables was stored in a refrigerator for 
one or two days, and the loss in ascorbic acid was found to be considerable. 
When the liquid was brought to a boil, one-half to four-fifths of the original 
ascorbic acid was lost. On boiling 15 minutes no further changes were 
observed. In the liquid from spinach the only effect on thiamin or riboflavin 
which occurred under the same conditions was the loss of one-fifth of the 
thiamin on boiling 15 minutes. 

Cabbage wedges and spinach with the stems left on, cooked in large 
quantities in a steam-jacketed kettle, had approximately the same percent- 
age retention of ascorbic acid and thiamin but more riboflavin than when 
cooked in small quantities in an open saucepan. Cabbage cooked in an 
institution and held one and one-half hours over steam, however, was con- 
siderably lower in ascorbic acid than the freshly cooked household product 
but no lower in the other two vitamins. Spinach cooked in an institution 
and held over steam lost less than a statistically significant amount of 
ascorbic acid and none of its thiamin or riboflavin; hence, it was still equal 
to the freshly cooked, small-scale product in ascorbic acid and thiamin and 
still higher in riboflavin. 
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Strawberries are recognized as being one of the relatively rich sources 
of vitamin C, and during their season they are an important source of 
supply for this vitamin. Mayield and Richardson (1943) repprted that 
frozen and preserved strawberries retained a considerable part of their 
vitamin content, and these products may be used throughout the year. 
Numerous workers have reported on the vitamin C content of strawberries. 
One of the characteristics of the results reported in the literature is the 
wide variation in amounts of ascorbic acid reported by the different work- 
ers, and by the same workers with different varieties and under different 
conditions. Hansen and Waldo (1944) reported mean values from 52 to 
107 mg. per 100 grams fresh weight for 39 different varieties and selections. 
Burrell and Ebright (1940) reported the ascorbic acid content of the 
Clermont variety as being 142 mg. per 100 grams, while Slate and Robin- 
son (1946) reported 50 mg. per 100 grams for the same variety. Kirk 
and Tressler (1941) reported variations of over 100 per cent for samples 
taken on different days. Satterfield and Yarbrough (1940) reported as 
much as 63 per cent more ascorbic acid in the high sample over the low, 
in 10 replicates of the same variety. Olliver (1938) found a 20-per cent 
variation in ripe berries of the Jucunda variety. Burkhart and Lineberry 
(1942) found that while it was possible by careful selection to obtain 
samples that checked quite closely in ascorbic acid content, commercially 
packed berries of the Klondike variety varied 22 per cent within the same 
quart basket and 44 per cent between berries taken from different fields. 
Schuphan (1942) found that four early varieties harvested after several 
days of bright sunny weather contained from 66 to 100 mg. per 100 grams, 
while four late varieties harvested after nearly a week of cool, rainy 
weather contained from 35 to 50 mg. From these results he concluded that 
bright sunny weather favored high ascorbic acid content, while cool, wet 
weather resulted in low values; however, the use of different varieties 
may have been in part responsible for these differences. IlAnsen and Waldo 
(1944) reported higher ascorbic acid values following periods of sunshine 
than following cloudy weather. McCrory (1946) reported that berries ex- 
posed to the sun contained 10 per cent more ascorbic acid than did berries 
of the same plants shaded by the foliage. The berries exposed to the sun 
and ripening on sunny days contained 10 per cent more ascorbic acid than 
did similarly exposed berries ripening on cloudy days, while berries shaded 
by the leaves showed littlh change between cloudy and sunny days. He 
also reported that everbearing varieties grown during the long, warm days 
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of intense light of early June averaged 34 per cent more ascorbic acid 
than did the same varieties taken in late September, Burkhart and Line- 
berry (1942) found that berries ripening in the sun contained eight per 
cent more ascorbic acid than those shaded by the leaves of the plant and 
29 per cent more than those ripening under the dense shade of a straw- 
berry cup. Hansen and Waldo (1944) shaded berries as well as both 
berries and plants. The unshaded berries contained 13 per cent more 
ascorbic acid than did the shaded ones and 68 per cent more than where 
plants and berries were shaded. 


TABLE 1 


Ascorbic Acid Content of Strawberry Varieties Grown in 1942 


Variety 

TimftR 

samplod 

Range 

Average 

Grown at Willard, N. C. 

Fairmore 

6 

mg. f 100 gm. 
60-92 

mg./ too gm, 
76 

glnTiTnnr#* 

r> 

47-72 

58 



5 

45-62 

54 

^ Fftirmore (6 selections) 

1 

46-90 

64 

Grown at Beltsville, Md. 

rjflt.skill 

1 

81 

Fai rmore 

1 

1 

76 

Fit.arhripht 

1 


71 


] 


70 

Rowonnee 

1 


67 

T?.i<lo*olpv 

1 


66 

Tothicssco Shipper,. 

1 


64 

TliTnlnn 

1 


64 

^Massey . t 

1 


58 

Afavtime - 

1 


54 

IPtitlifiTiflimr 

1 


51 

AroTna r^-t 

1 


51 

IVTidland * * * 

1 


50 

\f lasiinTjnrv 

1 


48 



1 


45 

T^lo IcpTTinrp 

1 


42 

us 3205 (Aberdeen x Fairfax) 

a 


53 


Olliver (1938) reported that there was an increase in ascorbic acid 
from the green to the nearly red’’ stage, and that it then remained about 
constant until the berries were overripe, when there was a slight decrease. 
She also found that the outer part of the ripe berry contained 86 per cent 
more ascorbic acid than the inner part. Burkhart and Lineberry (1942) 
reported a 95-per cent increase from the green to the ripe stage, but only 
from 10 to 23 per cent more ascorbic acid in the outer cortex than in the 
inner fleshy pith region. 

Prom the results reported it is evident that the vitamin content of 
strawberries varies widely, not only between varieties but within varieties 
as well. Both environmental and hereditary factors play an important part 
in these variations. Since such wide variations occur under apparently 
normal growing conditions, it seemed likely that to obtain reliable da^ta 
both from a nutritional standpoint and an adequate comparison of vari-* 
eties, more samples would need to be taken than have usually been used in 
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previous studies. This study was therefore undertaken with the idea that 
the samples selected would be representative of the variety and that suffi- 
cient samples would be analyzed to permit a statistical treatment of the 
data. Emphasis was placed on testing the varieties that form the bulk of 
the crop grown in the United States. The effects of shading the plants or 
the berries, the stage of maturity, and the effect of ripening berries off 
the plants also received consideration. 

PRELIMINARY WORK IN 1942 AND 1944 

Following the work reported by Burkhart and Lineberry (1942), Line- 
berry made a survey of selections and varieties being grown in the co- 
operative breeding work of the U. S. Department of Agriculture and the 
North Carolina Agricultural Experiment Station at Willard, N. C., and 
of certain varieties grown at Beltsville, Md. ; results are shown (Table 1). 

In 1944 more extensive tests of varieties and selections grown in a 
single field at Beltsville, Md., were made by the authors. Care was used 
to pick berries at the same stage of ripeness as indicated by appearance, 
and the samples were harvested near the same time each morning begin- 
ning shortly after eight o’clock. Eight successive pickings were made and 
in so far as possible five pickings of each variety were tested. On May 22 
parts of rows of Blakemore were shaded with a single and with a double 
thickness of cheesecloth, which reduced the light intensity at midday to 
51 and 31 per cent, respectively, of normal daylight. Samples were taken 
on May 26 and were continued for five successive pickings. 

The average ascorbic acid content of nine early, five medium early, and 
10 late varieties, the effect of shading on the ascorbic acid content, and 
pertinent weather data are given (Table 2). 'The ascorbic acid content of 
the nine early varieties dropped rapidly at first, rose to a high point on 
May 31, and then dropped again. The five medium-early varieties showed 
similar but smaller fluctuations and reached their maximum on June 5, 
after sampling of the early varieties had been discontinued. The average 
of the late varieties showed less variation and reached their maximum on 
June 5 and 7. The effects of shading were not evident at four days but 
were at seven days. Shading for 14 days, when the tests were terminated, 
resulted in a 41- and a 53-per cent decrease, respectively, for the lighter- 
shaded and the heavier-shaded plants. 

Ascorbic acid contents of the individual varieties and selections tested 
in 1944 are shown (Table 3) ; the first part lists those sampled on four or 
more picking days, while the second part lists those from which fewer 
samples were taken. Of all the varieties and selections tested, Aberdeen 
was consistently the lowest in vitamin C. Maytime, Pathfinder, Dorsett, 
Missionary, and Blakemore contained less than the average; Tennessee 
Shipper, Fairfax, Midland, Chesapeake, and Massey were intermediate; 
and Tennessee Beauty, Catskill, Fairpeake, and Gandy had the highest 
amounts for the varieties tested. Of the selections tested, IT. S. 2153, with 
90 mg., was higher than any of the named varieties, and U. S. 2719 and 
TJ. S. 3296 surpassed Tennessee Beauty and Catskill in vitamin C content. 
The lowest selection tested* was U. S. 2291, which contained 40 mg., only 
slightly more "than Aberdeen. 
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1046 STUDIES 

In 1946 the strawberries used were part of a collection grown in a 
single field in the strawberry production and breeding investigations at 
the Plant Industry Station, Beltsville, Md. The berries were harvested in 
the forenoon beginning shortly after eight o’clock and continuing until 
the samples for that day were finished, usually before noon. The samples 
were analyzed soon after harvest and no variety was ever held more than 
three or four hours except in the holding experiments. Four quarts of 
field-run berries were generally harvested for each sample, and from these 
four quarts about two quarts of representative berries were selected for 
analysis. In some cases, where the supply of berries was limited, a smaller 
amount was used. Each individual sample consisted of 25 grams of tissue 
taken from at least five berries split lengthwise. In most cases more than 
five halves were required and additional berries were sampled to provide 
the necessary amount. In a few cases, however, five half-berries exceeded 
25 grams in weight and smaller sections were then used. The method of 
determination was that of Loeffler and Pouting (1942), using 200 ml. of 
0.4 per cent oxalic acid as suggested by Pouting (1943). The ascorbic 
acid content of the extract was determined in an Evelyn photoelectric 
colorimeter and samples were compensated for color owing to plant pig- 
ments. Ten samples of each variety, selection, or treatment were taken, 
and the amount reported is the average of the 10 samples. All results are 
reported on a fresh-weight basis. 

RESULTS AND DISCUSwSION 

The mean ascorbic acid values of 44 varieties and numbered selections 
are given (Table 4). Most of these were sampled twice in order to obtain 
information on the seasonal trend in vitamin content during the harvest 
season. These samplings were intended to represent early- and late-season 
harvest for the variety and in most eases were four to eight days apart. 
The results from both of these periods are given in the table. The average 
ascorbic acid content for all varieties was 63.1 and 61.1 mg. per 100 grams, 
respectively, for the early and the late harvests, a difference not statis- 
tically significant. Twenty-four varieties averaged 6.2 mg. per 100 grams 
higher at the first picking, while 15 varieties averaged 4.6 mg. higher at 
the later picking. Sixteen of these differences are statistically significant. 
Instead of showing a seasonal trend, this indicates that other factors were 
more important than season in controlling the ascorbic acid content. The 
varieties ranged from 88.9 to 38.9 mg. per 100 grams. 

In addition to the early- and the late-picked lots (Table 4), more fre- 
quent harvests were made with the Blakemore and the Pairpeake varieties. 
The Blakemore was sampled eight times during the season and the Pair- 
peake six times (Table 5). In the case of the Blakemore variety there 
was, in general, a decrease in ascorbic acid content as the season advanced 
but not a significant change from one sampling date until the next except 
at the last sampling when there was a sharp and significant increase. Be- 
tween June 6 and June 11 the ascorbic acid content increased from 50.7 
to 67.1 mg. per 100 grami«, an increase of 32 per cent, while a 13-per cent 
decrease occurred from May 24 to June 6. The Pairpeake increased sig- 
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TABLE 4 


Ascorbic Acid Content of Strawberry Varieties and Selections^ 
Beltsville, Md., 1946 



Early picking | 

l.Ate picking | 

Difference 



Variety 

Date 

sampled 

Ascorbic 

acid 

Date 

sampled 

Ascorbic 1 
acid 1 

between 
pickings ^ 

Average 

Rank 

Aberdeen 

June 5 

mg./ 
100 gm. 

40.2 

June 10 

mg./ 
100 gm. 

42.9 

mg. 

2.7 

mg. 

41.6 

43 

Aroma 

5 

50.7 

50.7 

41 

Blakemore 

May 30 

30 

59.7 

6 

50.7 

— 9.0* 

55.2 

35 

Brightmore.... 

61.0 

7 

59.2 

- 2.8 

60.1 

25 

CSiesapeake 

6 

69.2 

69.2 

11 

Donner 

30 

56.8 

10 

62.0 

5.2* 

59.4 

28 

Dorse tt 

24 

65.8 

May 30 
June 6 

60.4 

— 5.4* 

63.1 

22 

Dunlap 

31 

72.7 

59.3 

—13.4* 

66.0 

17 

Fairfax 

31 

64.4 

6 

66.6 

2.2 

65.5 

1 18 

Fairpeake 

June 6 

69.7 

10 

79.3 

9.6’ 

74.5 

3 

Oftndy 

7 

67.7 

10 

70.5 

2.8 

69.1 

12 

Howard 17 

May 29 

31 

59.7 

5 

66.7 

7.0* 

63.2 

21 

,Tofi 

71.8 

6 

69.0 

— 2.8 

70.4 

7 

Klondike 

31 

65.3 

' 5 

67.5 

2.2 

66.4 

14 

Konvoy 

June 5 

56.4 

11 

60.8 

4.4 

58.6 

31 

Marshall 

i 11 

77.4 

77.4 

2 


May 31 

24 

63.0 

1 6 

53.5 

— 9.5* 

58.3 

32 



Mnyt.imo 

64.1 

5 

54.4 

— 9.7* 

59.3 

29 

Midland 

30 

60.2 

5 

58.3 

— 1.9 

59.3 

30 

Missionary 

29 

48.5 

5 

45,7 

— 2.8 

47.1 

42 

Hedstar 

June 10 

70.1 

14 

68.4 

— 1.7 

69.3 

10 

Bobinson 

6 

68.1 

10 

74.0 

5.9 

71.1 

4 

Shasta 

3 

58.9 

7 ; 

52.4 

— 6.5 

55.7 

34 

Sparkle 

May 31 

29 

59.6 

7 

56.0 

— 3.6 

57.8 

33 

SiiwAnnop 

71.0 

5 

69.7 

— 1.3 

70.4 

8 

Temple 

29 

66.4 

6 

66.8 

0.4 

66.6 

13 

Tenn. Beauty 

30 

64.6 

12 

62.6 

— 2.0 

63.6 

20 

Tenn. Shipper 

June 6 

67.0 

12 

74.5 

7.5* 

70.8 

6 

Calif. 467 

3 

58.0 

11 

61.4 

3.4 

59.7 I 

27 

Calif. 590 

3 

67.4 

11 

73.2 

5.8 

70.3 

9 

Md. 430 


11 

60.4 

60.4 

24 

NC 1039 

10 

67.0 

12 

65.3 

— 1.7 

66.2 

16 

NC 1162 

5 

53.2 

10 

52.2 

— 1.0 

52.7 

37 

US 2153 

3 

93.2 

7 

84.6 

— 8.6* 

88.9 

1 

US 2700 

May 24 
June 3 

84.7 

6 

57.1 

—27.6* 

70.9 

5 

US 3203 

39.5 

7 

38.3 

— 1.2 

38.9 

44 

US 3205 

May 24 

30 

63.6 

May 30 
June 7 

56.4 

— 7.2* 

60.0 

26 

US 3283 

55.6 

53.5 

— 2.1 

54.6 

36 

US 3289 

June 3 

60.8 

7 

65.1 

4.3* 

63.0 

23 

US 3358 

14 

50.8 

50.8 

40 

US 8866 

3 

53.9 

7 

50.1 

- 3.8 

52.0 

38 

ITS 3417 

May 24 

30 

71.2 

7 

59.1 

-12.1* 

65.2 

19 

US 3500 

55.9 

7 

45.9 

—10.0* 

50.9 

39 

TI8 3S04-2-4 

June 5 

63.3 

11 

69.3 

6.0 

66.3 

15 


* Difference required between varieties for significance at five-per cent level: early pick 4.4, 
late pick, 4.6; at one-per cent level: early pick 6.7, late pick 6.9. •Significant difference wtween 
pickings at one-per cent levd. • Significant difference between pickings at five-per cent level. 
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nifieantly (16 per cent) between June 7 and 10, and then remained com- 
paratively high until the last sample was taken on June 14. 

That both of these varieties should increase appreciably at about the 
same time appears significant; also the fact that of the five varieties 
(Table 4) that showed a significant increase at the second picking, three 
were taken on June 10, 11, or 12. Of the 11 varieties that showed a sig- 
nificant decrease at the second picking, nine were taken on June 5, 6, and 7. 
From these results it would appear that climatic or other conditions were 
unfavorable for high ascorbic acid production on and immediately preced- 
ing June 5, 6, and 7, but that conditions had improved appreciably by 
June 10, 11, and 12. That the increase at this time is primarily due to 

TABLE 5 


Varintion ^ in Ascorbic Acid Content of Blakemore and Fairpeake Strawberries 
During Harvest Season, Beltsville, Md., 1946 


Date 

Blakemore 

Fairpeake 


mg./ 100 gm. 

mg./ 100 gm. 

May 24 

58.4 


29 

56.6 


30 

59.7 


31 

55.8 


J une 3 

54.2 j 

71.2 

5 

54.3 


6 

50.7 

69.7 

7 


68.1 

10 


79.3 

11 

67.1 


12 


77.6 

14 


75.9 


M)ilforenee required for Rigiiilicanee at flve-per cent level: 4,5 for Blakemore, 5 1 for Fair- 
peake; at one-per cent level: fi.O for Blakemore, 6.H for FairjH'akft. 


more sunlight is indicated by the fact that the shaded berries did not 
respond similarly but instead continued to decline in ascorbic acid. Cli- 
matological data published by the U. S. Weather Bureau (1946) for this 
period for Washington, D. C., are given (Table 6). Assuming that light 
intensity is the principal environmental factor involved in ascorbic acid 
production and that the percentage of possible sunshine available is a 
legitimate measure of this, it appears that light intensity for approxi- 
mately one week prior to harvest is operative on the ascorbic acid pro- 
duction, as the pattern of the average percentage of sunshine for the week 
previous to harvest more nearly conforms to the ascorbic acid pattern 
than is the case for shorter periods. Additional evidence that light exerts 
an influence for several days before the berries are ripe is furnished by 
the shading experiments in which shading for four days in 1944 and for 
six days in 1946 caused no reduction in the ascorbic acid content, while 
seven days and eight days or longer, in these two years, caused a reduction 
in the shaded lots. It seems more likely, however, that an interrelation- 
ship exists between diffej-ent climatic factors and ascorbic acid production 
rather than a simple sunshine and ascorbic acid relationship, even though 
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the light factor may be, and probably is, the dominant one. The normal 
amount of sunshine for May and June in this area is 61 per cent. The 
mean for May 15 through June 14, 1946, was 62 per cent, and thus was 
near normal. 

TABLE r. 


CUmatoloffical Daia, Washinplon, I). ( 7 ., ^fay 16 to June I f, 1946 


Date 

1 Temp<jratiire 

Departii re 
from 
normal 

Max. 

Min. 

Mean 


^F. 

^F. 

^F. 

‘^F. 

May 15 

68 

54 

61 

2 

16 

82 

63 

72 

8 

17 

85 

67 

76 

12 

18 

78 

61 

70 

6 

19 

SO 

59 

70 

5 

20 

81 

62 

72 

7 

21 

76 

63 

70 

5 

22 

76 

55 

66 

0 

23 

79 

51 

65 

~ 1 

24 

79 

52 

66 

0 

25 

89 

65 

77 

11 

26 

SO 

67 

74 

7 

27 

84 

62 

73 

6 

. 28 

66 

53 

60 

~ 7 

29 

72 

50 

61 

- 7 

30 

85 

52 

68 

0 

31 

88 

59 

74 

6 

Juno 1 

87 

68 

78 

10 

o 

70 

55 

62 

- 7 

3 

76 

57 

66 

— 3 

4 

71 

54 

62 

- 7 

5 

72 

52 

62 

— 8^ 

6 

76 

51 

64 

— 6 

7 

88 

57 

72 

2 

8 

93 

68 

80 

10 

9 

87 

66 

76 

5 

10 

75 

55 

65 

- 6 

11 

90 

60 

75 

4 

12 

83 

72 

78 

6 

13 

85 

71 

78 

6 

14 

75 

59 

67 

— 5 


l^reeipi- 

lation 

Sunsbine* 

(possible) 

Character 
of day 

in. 

/W, 


T 1 

18 

('9‘iuly 

0.04 

23 

rioudy 

T 

44 

('loudy 

1.17 

32 

riondy 

0.00 

S6 

('I car 

0.17 

32 

Cloudy 

0.24 

53 

Partly cloudy 

0.00 

100 

(3car 

0.00 

100 

Clear 

0.00 

99 

Partly cloudy 

0.00 

100 

Clear 

0.95 

17 

(Cloudy 

0.95 

51 

Cloudy 

0.09 

0 

('loudy 

0.00 

100 

Clear 

0.00 

100 

(^car 

0.00 

87 

T’artly cloudy 

0.01 

71 

Partly cloudy 

0.78 

44 

Cloudy 

T 

81 

Pa rtly cloudy 

0.27 I 

1 50 

1‘artly cloudy 

0.00 

! 95 j 

Hear 

T 

60 

Partly cloudy 

0.00 

69 

Partly cloudy 

0.00 

85 

Clear 

0.00 

100 

Oear 

0.00 

92 

P'artly cloudy 

0.00 

78 

Partly cloudy 

T 

25 

Cloudy 

T 

42 

Cloudy 

0.03 

9 

Cloudy 


^Sunshine normal for May and June — 61 per cent; mean for May 15 to June 14, 1946 — 62 
per cent. 


To study the effect of shading on the ascorbic acid content, Blakemore 
and Pairpeake strawberry plants were covered with one thickness (light 
shade) and four thicknesses (heavy shade) of cheesecloth on May 23, 1946, 
and the ascorbic acid content of the berries from the shaded plants was 
compared with that of fruit grown in the open. The shaded plants were 
completely covered, the cheesecloth reaching to the ground on all sides. 
Light readings made with a light-meter showed that the light intensity 
was reduced to approximately 64 and 43 per cent of full sunlight at 
midday under the light and the heavy shades, respectively. Another phase 
of the shading experiment was the effect of covering the berries only. This 
was done by enclosing the berries in small brown manila bags nine days 
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before they were ripe. Berries of comparable maturity, tagged but left 
uncovered, ripened on the same date as those covered ; results of the shading 
experiments are given (Table 7). 

TABLE 7 


Bffeei of Shading (Begun May SS, 1946) on Aeoorhio AeUl 
Content of Strawherriet 


Date 

Normal 

sunlight 

Light 

i^ade 

Heavy 

shade 

Only berries 
covered 

Blakemore 

niff./ 100 ffm. 

mg. f 100 ffm. 

mff./lOO gm. 

mg./ 100 ffm. 

May 29 

56.6 

61.9’* 

59.0 


30 

59.7 



49 .9** 

31 

55.8 

51.6* 

52.1* 


June 3 

54.2 

46.2* 

45.2* 


11 

67.1 

45.3* 

42.1* 


Fairpeake 

June 6 

69.7 

59.0* 

60.2* 


10 

79.3 

60.6* 

61.4* 


12 

77.6 

58.2* 

53.7** 


12 

' 76.2* 



63.9* 

14 

75.9 

56.6* 

47.2*'’ 

57.0** 


* Difference between sunlight and shade significant at flve-per cent level. •Difference between 
sunlight and shade significant at one-per cent level. • Shaded significantly higher. * Five replicates 
only 1n this sample. • Difference between light and heavy shade significant at flve-per cent level. 
• Berries tagged but ripened in open ; six replicates only. ’ Difference between light and heavy 
shade significant at one-per cent level. • Three replicates only in this sample. 


With owe exception samples taken on all dates gave significantly lower 
values under the shade. Samples of Blakemore taken on May 29, six days 
after the shade was applied, showed that the lightly shaded berries were 
significantly higher in ascorbic acid than the unshaded ones; the heavily 
shaded lot also averaged higher but not significantly so. The reason for 
this exception is not known. Perhaps the shade had not had sufficient time 
to exert a controlling influence and other factors may have been more 
favorable to ascorbic acid production under the cheesecloth than outside 
during this time. The fact that several days were required before the 
effect of the shade was reflected in the ascorbic acid content suggests the 
possibility that the light exerts its maximum influence before the fruit is 
ripe, possibly during the period when a vitamin C precursor or precursors 
are being formed, rather than during the formation of the vitamin itself. 
This hypothesis would be in keeping with the observation reported earlier 
in this paper, that the average light intensity for one week prior to harvest 
more nearly conformed to the ascorbic acid pattern than did that for 
shorter periods. It would also be in agreement with results reported later 
in this paper in which an indication is given that the ascorbic acid in- 
creased in berries held in the laboratory for 24 and 48 hours. 

With the Blakemore there was no significant difference in ascorbic acid 
content between the light and heavy shade, and only on the last two sam- 
pling dates was there significant difference in the case of Pairpeake. Thus, 
while the effect of the light shade was apparent in ascorbic acid production 
within eight days, it required 20 days for the heavier shade to show 
additional effect. 
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TABLE 8 


Aworhio Acid Content of Strawberry Varieties and Selections Adjusted for Climatic 
Variations During Harvest Season^ BeltsvUle, Md,, 1946 


Variety 

Early picking 

Late picking 

Difference 

between 

pickings 

Average 

Rank 

Date 

sampled 

Ascorbic 

acid 

Date 

sampled 

Ascorbic 

acid 



mff./ 


mff./ 

mff. 

mff. 




100 pm. 


100 pm. 




Al>erdeen 

June 5 

43.2 

June 10 

38.5 

- 4.7* 

40.9 

44 

Aroma 



5 

54.5 


54.5 

36 

Blakemore 

May 30 

58.4 

6 

58.4 

0 

58.4 

31 

Brightmore 

30 

59.7 

7 

61.8 

2.1 

60.8 

25 

Chesapeake 

.... 


6 

79.7 


79.7 

2 

Donner 

30 

55.6 

10 

55.7 

0.1 

55.7 

33 

Dorsett 

24 

65.8 

May 30 

59.1 

— 6.7’ 

62.5 

23 

Dunlap 

31 

76.1 

June 6 

68.3 

- 7.8* 

72.2 

10 

Fairfax 

31 

67.4 

6 

76.7 

9.3’ 

72.1 

11 

Fairpeake 

June 6 

80.3 

10 

71.2 

- 9.1* 

75.8 

4 

Gandy 

7 

70.7 

10 

63.3 

- 7.4* 

67.0 

15 

Howard 17 

May 29 

61.5 

5 

71.7 

10.2’ 

66.6 

17 

Joe 

31 

75.2 

6 

79.5 

4.3* 

77.4 

3 

Klondike 

31 

68.4 

5 

72.6 

4.2 

70.5 

12 

Konvoy 

June 5 

60.6 

11 

52.9 

— 7.7’ 

56.8 

32 

Marshall. . 



11 

67.4 


67.4 

14 

Massey 

May 31 

66.0 

6 

61.6 

- 4.4* 

63.8 

20 

Maytime 

24 

64.1 

5 

58.5 

-5.6* 

61.3 

24 

Midland 

30 

58.9 

5 

62.7 

3.8 

60.8 

26 

Missionary 

29 

49.9 

5 

49.1 

- 0.8 

49.5 

41 

Bedstar 

June 10 

63.0 

14 

64.2 

1.2 

63.6 

21 

Bobinson 

6 

78.4 

10 

66.5 

-11.9* 

72.5 

9 

Shasta 

3 

63.5 

7 

54.8 

- 8.7* 

63.5 

22 

Sparkle 

May 31 

62.4 i 

7 ! 

58.5 

- 3.9 

60.5 

27 

Suwannee 

29 

73.1 

5 ' 

74.9 

1.8 

74.0 1 

6 

Temple 

29 

68.4 

6 

76.9 

8.5* 

72.7 

8 

Tenn. Beauty 

30 

63.2 

12 

57.4 

- 5.8 

60.3 

28 

Tenn. Shipper 

June 6 

77.2 

12 

68.3 

- 8.9* 

72.8 

7 

Calif. 467 

3 

62.5 

11 ! 

53.4 

- 9.1* 

53.0 

37 

Calif. 590 

3 

72.6 

11 

63.7 

— 8.9* 

68.2 

13 

Md. 430 



11 

52.6 


52.6 

38 

NO 1039 

10 

60.2 

12 

59.9 

- 0.3 

60.1 

29 

NCI 162 

5 

57.2 

10 

46.9 

-10.3* 

52.1 

39 

US 2153 

3 

100.4 

7 

88.4 

-12.0* 

94.4 

1 

US 2700 

May 24 

84.7 

6 

65.8 

-18.9* 

75.3 

5 

us 3203 

June 3 

42.6 

7 

40.0 

— 2.6* 

41.3 

43 

US 3205 

May 24 

63.6 

May 30 

55.2 

- 8.4* 

59.4 

30 

US 3283 

30 

54.4 

June 7 

55.9 

1.5 

55.2 

34 

us 3289 

June 3 

65.5 

7 

68.0 

2.5 

66.8 

16 

US .^.^58 



14 

47.6 


47.6 

42 

us 8366 

3 

58.1 

7 

52.3 

-5.8* 

55.2 

35 

US 3417 

May 24 

71.2 

7 

61.8 

- 9.4* 

66.5 

18 

US 8500 

30 

54.7 

7 

48.0 

- 6.7* 

51.4 

40 

US 3504-2-4 

June 5 

68,1 

11 

60.3 

- 7.8* 

64.2 

19 


i Si^iflcant difference between pickings et flve-per cent level. * Significant difference between 
pickings et one>per cent level. 
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Since climatic conditions do greatly affect the ascorbic acid content, 
one might question the relative values and accuracy of varietal compari- 
sons made on different dates, especially in sections of the country where 
climatic conditions vary widely. In this part of the country it is seldom 
tliat uniform conditions prevail throughout the strawberry harvest season. 
As a possible means of correcting for this effect, we arbitrarily chose the 
ascorbic acid content of the Blakemore variety on May 24 as representing 
100. Any increase or decrease in this variety on succeeding dates was 
calculated as a percentage and added to or subtracted from the determined 
value so as to bring it to the 100 basis. A like percentage of increase or 
decrease was applied to other varieties picked on that date. On June 3 
both Blakemore and Fairpeake were harvested. Fairpeake harvested on 
this date was adjusted as stated above, and this variety after adjustment 
was used thereafter as the check variety if Blakemore was not available. 
It is here assumed that the (tlimatic effects are the same on different vari- 
eties and that hereditary effects are constant. While the assumption that 
the climatic effects are the same on all varieties probably is not strictly 
true, the method does take into consideration atmospheric conditions that 
lieretofore have been largely ignored and their effects incorrectly ascribed 
to varietal differences. 

Adjustments as described above have been applied (Table 8) to the 
data in Table 4. It will be noted that while in general the high varieties 
are still high and the low ones are low, the relative position of many 
varieties is changed, some quite considerably. Marshall, which was second 
from the top (as determined on one date only), dropped to 14th in the 
adjusted list, while Chesapeake (also one date only) moved from 11th to 
second place. In general, the effect was to raise slightly the whole list. 
(.3imatic conditions on and preceding May 24 seem to have been more 
favorable for ascorbic acid production than the average for the season. 
In fact, the average amount of sunshine for the week ending May 24 was 
71 per cent in comparison with 62 per cent for the whole harvest period. 

Another effect of the adjustment for climatic conditions (Table 8) is 
that 26 of the varieties now show lower ascorbic acid values at the second 
picking than at the first, and 22 of these differences are statistically sig- 
nificant. Twelve varieties show an increase at the second picking, but only 
four of these are significantly higher. The range between varieties remains 
about the same, 88.9 to 38.9 mg. per 100 grams as determined and 94.4 to 
40.9 mg. after adjustment. For other workers who may be interested in 
using the above method for adjusting for climatic conditions, it is suggested 
that, in order to facilitate comparison of varieties tested in different parts 
of the country, Blakemore be used as the check variety when available. 

Slate and Robinson (1946) reported that small berries tended to have 
a higher concentration of vitamin C than large berries. Olliver (1938) 
and Burkhart and Lineberry (1942) have reported that the outside of the 
berry was higher in ascorbic acid than the inside. This also would indicate 
that smaller berries should be higher in ascorbic acid than the larger ones, 
since the smaller ones ,have a proportionally larger exposed area. The 
average size of the berries tends to decrease as the season advances, and 
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other things being equal, one might expect the late-picked fruit to be 
higher in ascorbic acid than the early-picked. This is contrary to our 
results, where the majority of the varieties decreased at the later pickings, 
which would indicate that climatic conditions were more important in 
determining the ascorbic acid content than size alone. 

To study the effect of degree of maturity on the ascorbic acid content, 
a series each of Blakemore and Fairpeake berries was picked at different 
stages of maturity designated as white, pink, half-red, and ripe; results 
from these tests are given (Table 9). There was a consistent increase in 
ascorbic acid as maturity advanced. This agrees with the results of Olliver 
(1938) for the Jucunda variety. 


TABLE 9 


Effect of Maturity on Ascorbic Acid Content of Strawberries 


Stas:** of maturity 

Blakemore ^ 

Fairpeake ‘ 

j 

White 

mp./lOO gm. 

37.7 

40.2 

45.8 
.56.6 

i 49.0 

j 

mg./ 100 gm. 

63.8 

71.5 

77.5 

82.7 

Pink 

Half-red 


Half -red, held 1 dav 

Half-red, held 2 days 

80.4 




* Difference required for aipfnificanoe at five*pe.r cent level: 4.1 for Blakemore, 5.9 for Pair* 
peako; at one-per cent level: 5.5 for Blakemore, 7.9 for Fairpeake. 


Samples of berries that were (dassed as half-red and that are sometimes 
held until fully colored before marketing were divided into two parts. One 
part was tested immediately and the other part was held in the laboratory 
one day (Blakemore) or two days (Fairpeake) until fully red (Table 9). 
While the berries lield in the laboratory did not contain as much ascorbic 
acid as those fully ripened on the plant, there was an increase over the 
comparable half-red fruit determined earlier. While the number of samples 
taken did not show a significant difference statistically, it is possible that 
had a larger number of samples been taken they would have shown a 
significant increase and furnished additional proof that ascorbic acid is 
formed in the berry. Other evidence in support of this hypothesis is that 
the berry tips showed a consistently and significantly higher ascorbic acid 
content than did the stem ends. Thirteen pairs of samples averaged 65.1 
for the tips and 60.3 mg. per 100 grams for the stem ends, the difference 
probably being due to shading of the stem end by the calyx. 

The leaves of Aberdeen, Blakemore, and Fairpeake, representing vari- 
eties of low, medium, and high ascorbic acid content, were analyzed and 
the results are given (Table 10). From these results it is evident that 
(1) the leaves are much higher in ascorbic acid than the fruit; (2) there 
is no direct correlation between the vitamin content of the leaves and 
that of the fruit [these results conhrm the work of Hansen and Waldo 
(1944)]; (3) the leaves are significantly different in different varieties; 
and (4) the ascorbic acid content of the leaves changed significantly in 
two of the varieties within two days even though the weather was cloudy 
on both days. 
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In 1944 the varieties of strawberries grown in the United States ranked 
in acreage about as shown (Table 11). The ascorbic acid content of these 
varieties is also indicated. 

The ascorbic acid content of strawberries is dependent upon the vari- 
ety and the weather conditions under which they are grown. Prominent 
varieties grown in the South are Blakemore, Klondike, Klonmore, Massey, 
and Missionary, which would average about 50 mg. per 100 grams for 
approximately 50 per cent of the crop of the United States. In the Pacific 
Northwest Marshall, CorvaUis, and Eedheart are all high in ascorbic acid, 
averaging between 75 and 80 mg. for about 12 per cent of the national 
crop. In the Northeast the ascorbic acid content of the many varieties 
grown is variable but may average 60 to 65 mg. for 30 per cent of the 
crop of the United States. The average for the entire crop of the country 
is probably around 60 mg. per 100 grams. 


TABLE 10 

Ascorbic Acid Content of Strawberry Leaves 


Date 

Pairpoftke * 

Blakemore * 

Aberdeen * 


mg. /too gm. 

mg./ too gm. 

mg./ 100 gm. 

June 12 

220.6 

291.5 

266.0 

14 

210.1 

258.8* 

238.4* 


^Difference required for signiflcance between varieties at one-per cent level; 21.0 mg. •Differ- 
ence highly signiffcant between dates. 


Of the more important commercial varieties, Redheart, Catskill, and 
Marshall, and of the less important or new varieties, Corvallis, Gandy, 
Pairpeake, Pairmore, and Tennessee Beauty, all have high ascorbic acid 
content. These eight varieties do not have any known common morpho- 
logical or physiological characteristics that might be associated with high 
ascorbic acid content. Pairpeake, Marshall, Catskill, and Pairmore are 
sweet, while Gandy is quite tart. Redheart, Marshall, and Pairmore are 
dark colored, while Pairpeake has a bright color. Redheart, Pairpeake, and 
Pairmore are firm fleshed, while Catskill and Marshall are soft berries. 
Redheart, Corvallis, and Marshall are varieties adapted to the Northwest; 
Pairmore to the South; and Pairpeake, Gandy, and Tennessee Beauty to 
the midnortheastern regions. The Beacon variety was reported with 104 
mg. at Geneva, N. Y., and the Southland with 93 at Geneva and 49 at 
Willard, N. C. Several unnamed selections of high ascorbic acid content 
are listed (Tables 3 and 4). 

The same conditions that produce the highest flavor in any variety of 
strawberry seem also to produce the highest ascorbic acid content. The 
conditions for best flavor are high light intensity, warm but not too hot 
days, cool nights, and long daily light periods. High light intensity with 
moderately warm days and cool nights seems to favor a high ascorbic acid 
content. 

SUMMARY * 

A study was made of the ascorbic acid content of strawberries in which 
a sufficient number of samples was taken to permit a statistical analysis 
of the data. • * 









TABLE 11 

Ascorbic Acid Content of Strawberry Varieties of the United States 
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Twenty-eight named varieties and 16 numbered selections ranged in 
ascorbic acid content from 88.9 to 38.9 mg. per 100 grams, with a varietal 
difference of 4.5 and 5.9 mg. per 100 grams required for significance at the 
five-per cent and the one-per cent level, respectively. 

Of the more important varieties, Marshall, Catskill, Redheart, and 
Robinson and of the less important or new varieties, Gandy, Fairmore, 
Corvallis, Tennessee Beauty, Fairpeake, and Suwannee have high ascorbic 
acid values. 

Strawberries grown in the shade contained significantly less ascorbic 
acid than did those exposed to normal sunlight. For 1944 the unshaded 
had values 41 and 53 per cent greater than the single-shaded and double- 
shaded, respectively, and for 1946 the unshaded had increases of 48 and 

59 per cent for Blakemore and 34 and 61 per cent for Fairpeake in 
ascorbic acid content over the lighter -shaded and the heavier -shaded 
plants, respectively. 

A method of adjusting for climatic conditions in varietal tests made 
on different dates is suggested and applied to the varieties reported. 

Half -red berries held for one and for two days until fully red increased 
in ascorbic acid content but not so much as those ripening on the plant. 

Though the ascorbic acid content of strawberries in the United States 
varies with the variety and climatic conditions, it probably averages around 

60 mg. per 100 grams; but this value might be raised by breeding to 80 
mg. or more. 
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